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Tee object of tltie serieB is to bring into one focne ike 
leading features and present position of tlie moat im- 
portant induHtrioB of the kingdom, so aa to enable the 
general reader to comprehend the enormous develop- 
ment that has taken place within the last twenty or 
thirty years. It is evident that the great increase in 
education throughout the country has tended largely 
to foster a simultaneous interest in technical know- 
ledge, as evinced by the spread of Art and Scienoo, 
Schools, Trade Museums, International Exhibitions, 
&e. ; and tiiis &ct is borne out by a perosal of the 
daily papers, in which, the .promioeiiqe^-gjyai to every 
improvement in tMcE& or ^chin'f'r^ ^^'i^tp ■ jiho desire 
of the reading public^fo; jc^ow :iHM'e about these 
matters. Here, however, "tkadiffioTlllycommBnoea, for 
the only means of aequirnjg ;{hi7'in^d7DAtion are &om 
handbooks to the vteriouB' toUiuftcttires (which ore 
III ually too minute in detail for general instruction), 
from trade journals and the reports of scientific 
societies; and to obtain and systematize those scattered 
details is a labour and a tax npon time and patience 



which comparatively few persona care to snnnoi 
In these Tolnmee all these facts arc gathered together 
and presented iu as readable a form as is compatible 
with accnracy and a freedom &om euperficiality ; and 
though tJioy do not lay claim to being a teclmiosl 
guide to each induetry, the names of the contributors 
axe a Bnf&cient guarantee that they are a reliable and 
stondatd work of reference. Great strcBS is laid 
the progressive developments of the manDfactorex, and 
the TaiiouB applications to them of the collateral artB 
and sciences; the history of each is truly given, while 
present procesaca and lece&t Inventiona are succinctly 
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HjV By W.^Siattieu Williams, F.B.A.S., F.C.S., in:. 

Tbobb who have Btudicd the prehistoric veBti^es of 
humanity divide the earliest annala of the race into 
three great periods. First, " the Stone period," in 
'whioh the abaenco of any traco of metal among human 
remains, and the abundance of flint implements with a 
few stone vessels, show how the rudest savages sup- 
plemented the functionfi of their teeth and finger-nails 
by means of the hardest and handiest things that could 
be picked up on the mirface of the earth. 

Many stages of progress are traced in this primitive 
age of flint ; but in passing from the highest of these 
to the second, viz. " (he Brmtxc period," a great stride 
was made in human progress. A knowledge of the 
arts of reducing, alloying, casting, forging, and a sort 
of tempering of metals was then obtained, and with 
these, OS may be supposed, a great advance in all the 
other arts. 

The bronze of the ancients is composed of tin and 

I copper, and has the important property of attaining 
various degrees of hai'dness according to the rate of 
wUng from the fused state. When rapidly cooled. 



r 



2 BRITISH MANUFACTURISG TSDUSTEIES. 

it is soft, when elowly, bard. The importance of 
property, when eteel was yet unknown, is eagily iuidet<- 
Btood ; it enabled the artificer to make toole of 
capable of feaMoning the some metal, — tools by whiob 
others might, while soft, bo cut or hammered into 
shape, and then by hardening become capable of 
dnstrial retaliation. 

In the abfionco of direct and Bufliciont historical 
evidence, I will venture to supplement our dim know- 
ledge of those distant epochs by some metallurgical 
inferences, which afford fair grounds for concluding. 
that the wide gap of human progress between tha 
flint and bronze periods was bridged over by gold i 
silver; that gold was the first metal discovered i 
need by man ; that silver followed gold, and then 
materials for bronze ; to be succeeded after a long 
interval by steel and iron. 

Gold is found pure in its metallic state, and, like 
flints, may be picked up on the mirface of the earth.. 
Although exietisg in such small quantities in any 
given placo, it is one of the most widely difFased of 
all the heavy metals. The beautiful colour and lustre 
of a nugget or grain of gold would attract the attention 
of the rudest savage; and tho facility with which it 
may be beaten into shape by stone tools, would aflSjrd 
him his earliest ideas of a metal and its properties. 
Silver is also found in the metallic state, but not so 
Buporflcially as gold. 

Excepting platina and its companions, the met 
which, nest to silver, is the most liable to occur in tht 
solid and metallic state, is copper. Men who 



already learneJ. to value gold, were not lilcely to pass 
unheeded aji aceidontal discovery of a vein of native 
coppar, and would probably struggle to utilize its 
most common ore, the gold-lite copper pyritea, which 
is BO easily reduced that an attempt to fuse it in a 
wood fire would lead to the separation of more or less 
perfect metal, while the same attempt made upon tlie 
similar gold-libo iron pyrites would assuredly fail. 

But why should tin have preceded iron, seeing that 
it does not occur ia the metallic state, and that its ore 
is an oxide having no metallic lustre, but of stony or 
earthy aspect ? To this fair question I will venture 
an hypothetical answer. Until metaUie cooking veasela 
were constructed, water was boileil in vessels of rudely 
baked clay by throwing heated pebbles into it. The 
Cornish savagea who performed this operation on the 
banks of the streams must have picked up tia stones 
with the other pebbles ; these when heated in a wood 
fire would become deoxidized and fused, and thuB 
buttons of ft bright silvery malleable metal would be 
found among the ashes of the spent fire, Ab copper 
pyritfiB esist sjde by side with the tin-stone of Cornwall, 
it is not improbable that an accidental alloy of copper 
and tin may have been made there at a very early date 
by the reduction and fusing of both in the Bame fire. 
These arc good minuralogioal reasons for the facts 
connected with England's first appearance on the field 
of history ; and they explain why, during the age of 
bronze, its south-west shores should have been visited 
by the Phcenician merchants, and called by them tlie 
" land of tin." 



BSrriSfl MANUFACTURISO ISDUSTBIES. 

or leadsUme, from its magnotie propertiea, was probably 
ono of the first used. It is ncorl}' pure, containitig 
rather more than 72 per cent, of iron, auil is now called 
" magnetic oxide." 

The object being to separate the oxygen, Bomothiog 
must be used which under available circuniBtanceB 
a greater afBnity for oxygen than iron has under tibe 
same circumstanceB. Nothing baa yet been diecoTfiied 
that IB more efficient for this purpose than carbon, a 
no form of carbon is bettor than charcoal, which 
made by imperfectly burning some kind of organio 
BubBtance, such as sugar, Btarcb, flour, wood, &c. The 
latter is of ooutbo the moet available under ordtnaiy 
oircumatances, and doubtlesB was the earliest known. 

The characteristic property of carbon upon which 
its valao ae a fuel doponds, is, that at common teta- 
peratures it is chemically inert in reference to oxygen, 
but when heated, it combines with oxygen bo vigorouely 
as to take it away from almost every other Babetance. 
When we reflect on thiB, remembering that combustiooi 
is nothing more nor less than combination with oxygen, 
the beno&cence to man of this differential affinity of 
carbon for oxygen is Been to be immeuBe. If it had 
the same affinity cold as hot, neither coal nor wood nor 
any dr; vegetable subetance could bo stored at all, but 
would blaze out spontoneouBly on coming in contact 
with the ail. If ita af&nity when hot were no greater 
than when cold, all our now familiar fuel would be 
void of fuel properties, and our nsual nicaus of re- 
ducing metals from their ores would not esist, 

Within certain limits, tho afEnity of carbon goes 



ducing metals from their ores would nc 
, Within certain limits, tho afEnity of 
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incTeaemg with the elevfttion of temperatnrc, and 
Bimultaneously with this, the hold which the oxygea of 
a metallic oside has upon tho metal progr^sivcly 
loosens, until at laat we reach a tcmperatupo at which 
the oside would be " dlBsociated," i. e. separated into 
pure metal and oxygen, by the repulsive agency of heat 
alone. This temperature of disBoeiation varies with 
the different metals. In the case of iron it is very 
high, and its esact degree is not yet known. In a 
furnace urged by a hlaet it is so nearly approached, 
that the increased afQnity of the carbon for oxygon 
overpowers the diminished attraction of the iron, and 
thus instead of free carbon and oxide of iron an ex- 
change is made, and we have free iron and oxide of 
carbon in the form of gas. 

With these principles before him, the reader may 
now invent for himself the meane of iron-making from 
simple ores. He has only to construct a furnace 
wherein a mixture of charcoal and ore in contact with 
each other shall be raised to a high temperature. To 
obtain the required heat a blast ie necessary, and to 
prevent its wasteful dissipatioa, an enclosure by a wall 
of badly-conducting and refractory material is desirable. 
Clay when bftked ia snch a material, some kinds of 
clay resisting heat better than others. These ore " fire- 
clays," and with fire-bricks made from these oar simple 
fomaee may be conatrncted. 

But how and where shall the blast he applied, top, 
middle, or bottom, of this fire-brick caso. Seeing that 
the oxide of carbon which we have to get rid of is a gae, 
that heated gases rise, while heavy metallic m&saeK. 
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fall, and the-t we nttst not expose the ore to the action] 
of frest oiidizing air, it is evident that the blast ahoi 
euter at tbe bottom of the furnace, and the whole cht 
be heated &um below upwards. 

Theso arrangements are common to the most primii' 
tive and the most modem blast fumoces ; &om tho 
simple olay bos still nsed in India among the hill 
tribes of tbe Ghats, which is bnt 2 feet high and yields 
but 5 or 6 lb. of iron at a charge, or the excavated 
banks of clay of Tendiiicera, np to tho modem gi- 
gantic fire-towers, reaching in aomo cases to above 
100 feet in height, with an internal capacity of 30,000 
cubic feet. 

In all of these the ore with its fuel, whether charcoal, 
coke, or conl, is charged from above, and the blast 
applied below to the already heated fuel. Taking the 
simplest case first, where the ore is a pure oiide of iron 
and tho fuel and reducing agent is charcoal, the action 
is not difficult to understand. 

First, tbe air of the blast strikes the heated charcoal,^ 
its oxygen combining with it, and by such combinationj 
or combustion evolving great heat. The result of snoh 
combustion where there is an excess of carbon ifl 
carbonic oxide, a gas itself combustible, i. e. hangering 
for more oxygen when heated. This gas passes upwards, 
and docs the double w^ork of heating the upper layers 
of charcoal and assisting it in taking tbe oxygen from 
the ore. Tbe ore is thus reduced to metallic iron, 
which, according to the quantity, temperature, and 
condition of the carbon, will form either a compound of 
and carbon or a nearly puis iron. 
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& the first case, it will ran down to ths bottom of 
the furnace in a liquid atate. In the eecoud, it will 
form a soft paaty spongy mass callod » " bloom," which 
requires hammering or squoezing to render it oompaet 
iron. 

In the simple case above deaciibed, where the ore is 
pure and tho fuel a pure charcoal, the fusible com- 
pound of iron and carbon will bo Bteol, varying in 
hardness and brittleaess according to the quantity of 
carbon that it contains. 

With such materials it is easier to make steel than 
to make soft iron, and thus I venture to suppose that 
steel was invented before iron, or simultaneously with 
it ; as in the first rude eflbrts the rosult would be very 
variable, a hard steel, a mild steol, or actual iron being 
produced, according to the proportions of ore and char- 
coal, the depth of the furnace, and the force of the 
blast. 

Tho first iron-makers — the men of the bronze age — 
kuowing that bronze con bo hardened or softened by 
heating and cooling it either slowly or quickly, would 
naturally try whether their newly obtained metal pos- 
eeseed the same excellent property, and thus it is not at 
all surprising that tho earliest and rudest workers of 
iron were not only makers of steel but acquainted with 
its invaluable capability of hardening and tempering. 
Historical records tell ua more of ancient steel than of 
■ucient iron, and the native Hindoo and Burmese iron- 
makers of the present day, as well as those of Borneo, 
A&ica, Uadagascar, &c., all produce fiue steol directly 
fmaa. the ore, and usually more easily and cheaply than 
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they can make malleable iron. The reasons why 
modern English ironmaBtcrs, with oil their 
ing and chemical science, fail to do this, will 
exfilained hereafter. 

Wo now come to the more comjilex problem 
British iron and steel mann&cture, the complexif 
being an inevitable 'result of the composition, of 
materiale need. The snpplies of oroE consisting c 
of pnre oxides of iron are far too small for nw 
requirement, and the same may be said of the ] 
fuel, i. e. charcoal. Wo have been compelled to 
very complex poor and impure ores, and a fuel w) 
actnally conveys damaging impurities to the i 
It is a remarkable and suggestive fact that the 
districtB, South Staffordshire and Cleveland (Yor] 
shire), vhich are the largest iron-making centres 
the world, are just those which are supplied with t 
worst iron ores that have ever been commerci&U 
worked. 

What then are the impuritiee of ore and fuel whi( 
present these new difScultiea y First, as regards tl 
ore. Instead of unmixed oxido or carbonate, we liai 
mixtures of these with earthy matter, such as clay 
sand, &c. 

The ores of the metals arc wsnaily found in veins 
that intersect the strata, or nmesos of rocks, in the shape 
of cracks or chasms, filled up by injection, eublimatdon,, 
ot some unexplained process of deposition that occurred 
since the rocks around them were settled in their present 
places. Not so with tho common British iron orea, 
which ore for tho most part Bcdimentary deposits- 
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t with the rooks in which they lie, some- 
times Dccurring as contdnnonB bods or Btrota, in other 
oaBOS as nodules and irregular doposits. Thus, whethor 
deposited in the hed of a sea, lake, estuary, or river- 
month, the iron oxide oi carbonate is intermingled with 
more or less of tho other matters which the water held 
in suspension. Many of our iron ores are found in the 
form of nodules having an organic nucleus in the centre ; 
and when this nucleus, aa often happens, is a fish or 
other animal high enough in the organic scale to have 
phosphate of lime as the basis of its skeleton, a serious 
impurity is introduced in the form of phosphoric acid. 
This is the chief defect of the ores of the great Cleve- 
land iron-making district. It presents vary serious 
difficulties ; but there are Yorkshiremen as well as 
phoephatcB thereabouts, and hence the difSculties have 
been overcome. 

Besides eoataining positively miBohiovous impurities, 
these earthy argillaceous ores of iron aro very poor. 
Instead of 60 and 70 per cent of iron, like the ores of 
the primitive workers, they contain little more than 
half of that quantity, or &om 30 to 40 per cent. To 
understand tho process by which the earthy impurities 
of the ore are removed, the reader must note that when 
an oxide of iron or of any other common metal is heated 
with silica (sand, flint, quartz, &c.), a combination takes 
place, and a silicate or glassy compound of tho metal 
is formed. Thus if we were simply to heat with char- 
coal, in tho manner already described, a poor earthy 
iron ore containing much free silica, we should obtain, 
not metallic iron, but a dark-coloured, fusible iron- 
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glaaa or eilicate of iron — a l)rittle and worthless o 

pOTlud. I 

TheoliTiouBremody for this is to find some snbetwH 
which, under the circumsUnccs existing in the famu 
will combine more readily than oxide of iron wj| 
silica, whieb will appropriate the silica, and therell 
prevent it from combining with the iron. There Wk 
many metallio oxides that will do this, but the ircj 
maker requires one that is abundant and cheap, ail 
tliis he has found in limo, or the oxide of calcitun. B 
heating lime as well as carbon with the silicions ir^ 
ores, ft lime-glaas is formed rather than an iron-gla^ 
This lime-ghisB readily fuecs, and carries with it bjt 
solvent and washing action most of the clayey a^ 
other earthy impurities of the ore. The lime till 
used ia called by tho workmen a " flux," and the oofl 
plex glasa formed by it the " cinder." • 

It must be understood that the iron-workera 1 
* In diemionl and metallucgicftl trcntises this is usually I 
nomiuuted " Blag," bnl in this case tho workman ie 
and discriminative in the uae of words (linn tho m 
Most of the tecbnii^at lenns uacd by niir miners and metAl-« 
are of ScandimtviaQ origin, and in the nso of the tensa ** u 
and " cinder " the old-fuahioned iion-workora retain their en ~ 
etymological aigniflcation. '' Slag " is the unaltered Scsndinl 
for a blow or stroke, " cinder " conies from sinnem or ai 
trickle or drop, and the words are used aocordingly,— 
to describe thoae fdlicatea, &c., that are si^ueezed trara the I 
when struct with the hammer, wbile " cinder " ia applied 
melted niattei which drops or flowa from the fire, whetij 
that of B blast, a puddling, or any other form of fumt I 
the distinction is ol cbemicul and practical aa well as F 
gical aignifioitioa, I shall use these terms with the Tf 
meaning. 
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first used lime as a flux were nnucqaamted with the 
above'-etatod chemical principles of its Fictioii, though 
they mast have learned its properties in relation to 
their own particular requirements by following rudely 
(he inductive method of observation and experiment 
'Which, carried out more eyetcmatically, has led to the 
great results of modem science. 

The present blast furnace is a hollow tower varying 
from 30 to more than 100 feet in height, with an 
internal capacity from a few hundred up to 30,000 
cubic feet. Estetnally it varies considerably in form, 
ia eome cases being conical, with wide-spreading base 
due to great thickness of lower walla and foundation ; 
in others, especially those of most recent construction, 
a nearly cylindrical pillar of brickwork braced together 
with iron bands, and resting on a base of stone or brick, 
or both combined, Figs. 1 and 2 represent in elevation 
and section a furnace of this kind, erected at Oaken 
Gates by the Lilleshall Iron Company. 

The variations of eztornal form are of small import- 
ance, and depend considerably upon the nature of the 
ground upon which the furnaces ore erected, and the 
relative cost of the different materials on the spot. 

The internal form is, however, of considerable im- 
portance ; and though varied to a certain extent, that 
vhich is drawn in the section. Fig. 2, may be taken 
ae typical. Following it in the order that its contents 
travel, viz. from above downwards, we lind that from 
the summit down to about the level of the floor of the 
Bnrrounding gallery (c d) it ie cylindrical ; from this 
point it gradually widens till we get about two-thirds 
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of tho way down, and after ttis It contracts 
rapidly till we reach tbe base. 

The cylindrical portion at the top, which is really- 
bnt a chimney, and dooB not exist at all in some fmv^ 
naees, is called the " timnel-Loftd." Tho upper 
from the bottom of the tnnnel-head to the widest part^ 
is tho "stack." Thia widest part is the "belly," which 
would bo better if more rounded than in th 
and the lower cone down to the tujero-huloa (A A) tho 
" boshes," below which are tho " hearth " and t 
" crucible," wherein tho melted metal acomniilal 
until the furnace is tapped, Tho "throat" (ee) 
where the charge of ore, fael, and flux is tipped i&' 
from barrows through the arches shown in tho figure. 

The whole of the furnace is lined with fire-hriokg 
comxmsod of the most refractory matter within tesoh: 
the thickness of this lining, oi " shirt," inoreaeiii^ 
downwards as tho heat increases. 

The gallery, or " charging plate " (c d) \s shown in' 
Fig. 1, connected with a hydraulic lift, by which the 
harrows of ore, &&, are raised to the leyel of the throat: 
Many other devices are used for this purpose, such aa> 
a cage with guides, woimd up like a colliery cage, or 
inclined planes ; while in hilly places advantage is 
sometimes taken of a precipitous valley or hollow,. 
aided by some amount of excavation, to build tha 
furnace with its throat only just reaching the gene-- 
rally available level. Where such vast quantities of 
material are used as in the blast furnace, economy of 
haulage is a most important practical. consideraticQ, 

The tuyere-holes (A A) ore perforated through the 
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wfjls of the hearth, and vary from two to six in nmnbor. 
Into tbeBe are set the tuyeres or bluet pipes, which are 
iron tubes, the nozzle ends surromided with an outer 
e through which water is kept flowing,* 

Until 1828 only cold air was used for blast furnaces ; 
but at that date Mr. Neilson, of Glasgotv, patented his 
very important improvement of the hot blast. With 
very few exceptions the hot blast is now generally used. 
It effects a very considerable saving of fuel, and may 
be ranked with the most important improvements in 
iron-making. The air &om the blowing machine is 
driven through coils or convolutions of heatod iron 
pipe, and thus raised to a tomi)erature varying from 
300° Fahr, to 700° or 800=. The economical value of 
the hot blast is shown by the fact that during the first 
six months of 1829, when the cold blast only was used 
at the Clyde ironworks, each ton of iron required the 
coke &om 8 tons 1^ cnt. of coal for its production, 
while during the corresponding period of the following 
year the same work was done with 5 tons 3^ owt., the 
blast being only raised to 300''. In the Swedish blast 
ftirnaces, with the blast at 432^, the saving of fuel is 
estimated at 33 per cent. 

In most modem furnaces the blast is heated, and the 
steam of the blowing engines is generated, by utilizing 
the gases, which formerly belched forth a great waving 
blue flame from the top of the furnace. In these cases 
the tnnnel-head (a e. Figs. 1 and 2) is absent, and a 
fimnel, or a cup and oono are inverted into the throat 
e double, an itmer tube for air, an 
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of the furnnoe. The diameter of the inverted coi 
cap being somewhat loss than tbat of the interior of 
the furnace, the charge is tipped all around it, &nd 
lying above, closes the throat sufficiently to cam 
most of the combustible gasca to pass np the funnel 



and the tnbe, as shown by the : 



1 Fig. 3. The 



tube is bent down, and conveys the gas to the blai 
heater and the engine boilers. There are other a 
ments for effecting the same piirpoBe, but I have selec 
the simpleBt fot illustrating the goueral principle apo 
which all are constructed. 

Supposing the bltist furnace to be built, i 
di'ied, and provided with all its necessary appenc 
the mode of beginning to work it, or " blowing in," i^ 
5 follows : From 10 to 20 cwt. of firewood in large T 
B first laid at the buttuui, to a height of 3 or 1 J 
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feet ; on the top of this is piled 5 or 6 tons of cote, and 
above it regular chargea of coke (or coal and coke), 
lime, and ore, the quantity of ore or " burden " being 
made very light at first. When the furnace is thus 
filled to about one-third of ite height the wood below is 
ignited. As soon as this mass is in sufficiently active 
combiution for the upper surface to fairly bum, the 
charging is resumed, with a gradually increasing 
burden of ore, until the fomace is about two-thirds 
full. When the combustion has fuUy penetrated this 
additional mass, the regular charge is added, and the 
blast turned on to about half or two-thirde of its ultimate 
quantity ; the furnace is thus gently heated for a day 
or two, after which the full blast is turned on and 
regular working commenced. 

The charge varies of course with the nature of the 
ores that are used. In ordinary work in this country 
the rich and poor ores are so mixed that they uhall 
yield nearly half their weight of pig iron, and in such 
cases the charge consists of about one part of limestone 
and two of coke, or of mixture of coal and coke, to three 
parts of ore. These are Eidded alternately, and gradually 
descend. As they proceed downwards a series of 
changes occur, finally resulting in the production of 
molten pig iron and molten cinder floating above it. 
These changes are somewhat complex in their details, 
and although they have been very industriously studied 
of late, are but approximately understood. The 
general nature of the action may however be safely 
dcBcribed in outline as follows : 

First of all the charge is simply heated or roasted. 
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The ore thns lonee uiy w»tcr tliat it Eoaj contuD, «nd 
kfl«rwardB, BhoiUd there be any carbonate of iron, the 
carbonic acid ia driven o£ If coal is naed, this is 
coked at the same time. The limestone is routed in 
K BimiUr manner, and as it proceeds downwards, it 
rcschee a zune of limekiln temperature and is there 
decomposed and red-hot quicklime formed. 
'. Bat the iron ore is not merely heated as it would ba 

I in a cniciblo or oven, it is at the same time eabjectod to 
the action of the gases produced in the hoUer re^ons 
below, and which are continoaUy rising amidst iL 
The most important of these are carbonic oiide, wliioh 
is carbon supplied with but half its meal of oxygjED, 
and when thns heated still himgering for inorei 
hydrogen and hydrocarbon gases, also hot and greedy 
for oxygen ; and, besides these, cyanogen, a compoond 
formed by the union of the carbon of the lower fitel 
with the nitrogen of the air. This (whether alone or 
in a probable state of combination) is, like the othen,. 
a poworfnl deoxidizing or reducing agent, and thns ths 
reduction of the oxide of iron in the iron ore com- 
mences as soon as its water and carbonic acid are driven 
aS, i. e. when it reaches a dull red heat. 
This reduction is described by Mr. Lowthian Bell aa 
commencing oven before the limestone has lost its 
carbonic acid, but I doubt whether it iB completed nntil 
the wholo of the limestone is decomposed. To expreea 
this, I have taken a slight liberty with the 
copy of Mr. Lowthian Bell's diagram (Fig. 4) by 
bracketing together the second and third zones 
carrying the " reduction " through both. 
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The rednotioD thus oompletod, we have iron in 
spongy state dissemiuatoil iu Email particles among Qis 
earthy materials of the ore. Hero then we have fte 
iron Hotually made, before the charge has travelled half- 
way down the furnace. If the ore was a pure oxide, 

our fuel pure carbon, we might stop here 
withdraw the spongy iron or "bloom" from ths 
furnace, hammer and roll it at once, thus sBving not 
only the rest of the blast furnace work, but also that of 
puddling. This is just what the primitive iron-maken 
did, and what is still being done in the small blast 
furnaces of the Oriental iron-makors of the present 
day, and in the Catalan furnaces of Spain, south of 
France, &c. 

Instead of this simple proceeding, the particles of 
reduced or separated iron have now to be rendered 
impure, in order that they may become fasible and thus 
separated from the earthy matter with which they are 
entangled. This is effected by its combination witli ft 
certain proportion of carbon, and by the union of tbA 
lime with the silica of the ore, forming a still mors 

I fusible glass iu the cinder. If only these combinatioiu 
took place, the blast furnace would be a more perfM 
instrument than it in ; but such is not the case, for 
sulphur, phosphorus, ami. silicon, &a., also unite with 
the reduced iron, while in this heated, spongy, and 
finely divided statfl. All of these are mieehievous, and 
the phosphorus and sulphur are only separable with 
great difficulty. 
The iron thus adulterated proceeds downwards to 
hotter and hotter regions, until fusion, first of the 
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cinder and tten of the impure iron, takes place at the 
" boehes," i. e. the narrowing or lower funnel-like 
portion of the furnace, down which they slowly trickle 
and accumulate at the bottom. The impure iron 
beii^ the heaviest, the cinder floats upon its eurface 
and is useful in protecting it from oxidation by the 
blaet 

The hearth or crucible into which the fused 
silicateB and the metal finally sink is closed all round 
at its lower part ; but on one face, that of the " dam " 
and "dam plate," it has an upper opening or gtoore 
over which the cinder, which has five or six times the 
bulk of the iron, continuoufllj flows, and is received 
into convenient moulds and wheeled away to form the 
great "spoil banks," that are such characteristic 
features of the dreary landscape of an iion-making 
district. 

While this is going on, workmen are employed 
in shaping the moulds into which the fused impure 
iron is to run. These consist simply of two or 
three main furrows or channels made in a large bed 
of sand, from each of which, branches 4 to 6 feet 
long are made at right angles. The main furrows 
are called the "sows," and the short branches the 
"pigs." 

As already stated, the fluid cinder flows over the 
upper edge of the fire-clay dam and its outer protecting 
iron shield, the dam plate. Lower down, a narrow ver- 
tical elit is pierced through the dam. This is rammed 
with sand while the crucible is filling. The main sow 
oommnnicates with this opening, and when the crucible 
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in Hnffieiontly filled, the plug Is fltrnek out by meaAB di 
long iron bara and the glowing liquid fions along tl 
KOWB and into the pigs, formiag, when cooled, ""pi 

What, then, is pig iron ? The following, which J 
the average result of analyses I have mtide of t 
three well-kuowu brands, ofibrds a fair ropresentatiol 
uf the coraposition of the hiMer qualities of Britif 
pig iron. I any "better" qualiticB, because the pigl 
analyzed are those need at tho works of Sir Jolm^ 
tSroM'u and Co., Sheffield, where they ore selected for the I 
Tnaniifacture of high-class finished iron : 

Combined Carbol, .. O-aiei^^^i C«bon = 2-8M 

Orapliitic Carbou . . 1 -918/ 

ailicoii 1-810 

PLosphorua 0'.<132 

Bulplmr 0-263 

MBOgaceBQ 1-280 

TilHUium 0-073 

Iron by differancp ,. {'3'«8 
100 ■ 000 

The analyses upon which the above average is based 
were made commercially for practical purposes, and, 
therefore the small traces of other substances not af- 
fecting the practical quantity of iron, such as calcimn, 
(topper, &c., were not looked for, and thus the per- 
centage of iron by difterenco is slightly in excess. 
Tho titanium was only determined in a few cases where 
expected, but its average is included, as it is fairly 
representative. 

The carbon is stated separately as combined and 
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grajthitio. This is a very important distinction, though 
sometimes neglected in such analyses. If we have two 
samples of pig iron containing eq^uol total proportionB 
of carbon, and alike in other respects, but differing only 
as reganls the condition of the carbon, the appearance 
and properties of the pig will be curiously different. 

Let us suppose two eamples A and B, each contain- 
ing 3 per cant, of carboa. In A the carbon is 
graphitic or oncombined, in B it is combined. The 
appearance of A will be dark, granular, and porous, and 
careful examination will reveal email glittering scales 
of plumbago dispersed among its pores. It will be 
comparatively soft, and easy to be filed or drilled. 
B will be brighter and of almost silvery colour, very 
hard, compact, and crystalline. A is what the work- 
man calls "grey pig," B "white pig." The gradations 
between these ore distinguished in the trade by numbers, 
beginning with Aae No. 1. Intermediate pig, wherein 
the combined and uncombined approach equality, is 
called "mottled pig." 

If the white pig is subjected to the action of an 
Bcid solvent, such as dilute nitric acid, it dissolves into 
a dark-coloured liquid. If the grey iron is similarly 
treated, the solution is of a light greenish colour and 
scales of graphite remain undissolved. These, when 
separated, washed, and dried, stain the fingers and 
otherwise display the properties of common plumbago. 
The greyest pig, and richest in carbon, often contains 
cavities, vaiying from minute pores to holes in which a 
finger may be thrust, from which beautiful scales of 
Hob graphite, or " kiah," oa the workman oalls it, may 
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be collected mechanicsUy u with the point of ft poi- 
knifc. 

The cause of the diSereace between the conditii 
of the c&rboD in gre; «iid white iron has been ,i 
subject ef much discoaEion, tmd ib etill bat imperfectly 
understood. The heat of fasiuu uid rate of cooling 
have evidently mnoh to do with it. If grey ii 
melted at a hi^ temperature, much of the gnphitie 
ettrbon combinee, and npon cooling again the iron. 
becomes mottled or white. On the other hand, some of 
the moBt highly carbiiretted of white irons, sach as the 
spiegeleieen need in the Bessemer process, deposit 
beautiful scales of graphite when melted. 

Speaking generally, we may regard the influence dt 
the carbon imparity of the pig iroa as rendering it moi 
fiigihle, and when combined, more hard and brittle. 

Silicon, which has so many carious resemblances to 
carbon, alkcts iron in nearly the same manner. 

Both carbon and silicon are easily removable f 
pig iron. When pig which is rich in both is melted 
in free contact with oxygen, the silicon is first attacked, 
and tintil its quantity is considerably reduced (down to 
about one-third per cent., according to my own experi- 
ments), it monopolizes nearly all the oxygen, and the 
carbon remains almost intact. After this the oxidation 
of the carbon proceeds more and more rapidly until it 
is reduced to about one quarter per cent., when the 
iron itself begins to bum if the supply of oxygen is 
abundant and the temperature high. 

If pig iron contained no further contamination than 
the silicon and carbon, it might thus be easily refined 
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to the oonditioDS of malleable or wrought iron, which is 
iron ia ite nearest practical approach to purity. 

Next to the eilicon and carbon, the most easily re- 
movablo impurity is the manganeee, which is readily 
oxidized, and its otide combines with the silicon. 
Some believe that manganese improves both iron and 

There is no doubt whatcTCr respecting the mia- 
chievous influence of the snlphnr and phosphomB. 
Until lately enlphur was considered the greatest enemy, 
but most iron-makers now agree in regarding the phos- 
phorus as rather the worst It certainly is a very 
remarkable fact that so small a quantity as the one- 
thousandth part of phosphorus will make all the differ- 
ence between good and worthless steel, i.e. between steel 
fit for making tools and that which is not to be trasted 
for eren the coarsest purposes to which steel is applied 
each as the manufacture of rails or plonghshares. The 
phosphoms renders the steel brittle and incapable of 
standing a vibratory shock, such as that to which the 
teeth of a file or saw or the edge of a chisel is ordinarily 
subjected. Steel containing only ^Q^ct F^ '^^ phos- 
phorus is unfit for the beet kind of cutlery, or with 
H^jB part is worthless for any tool-making purposes. 
The more carbon the steel contains, the less phos- 
phoms it will bear, and, in accordance with this, 
wrought iron, which is nearly &ee from carbon, will 
bear a larger quantity than any kind of Bt«el. The 
brittleness due to phospiiorus is not displayed, when 
tbe iron or steel is heated, but only when cold, and 
faeoce such steel or iron is called " cold short." 
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Snlphur also prodndee a brittleness, but it shows 
itself clii&flj when the iron or eteel is red hot, and 
beace is called " red ehortness." A given quantity of 
enlptiTir does lees mischief to steel than the same pn>- 

portioQ of phoBphoroB, bnt iron used for forgings 
tbo most eensitive \a the injurious effects of snlphnr. 

Tlie difficulty of removing the last two or thre 
tenths 3»er cent, of either sulphtir or phoephoms 
very great. Large proportions of either are easily 
brought down to abont three-tenths per cent., but as 
we go on reducing the quantity, the tenacity with 
vhich this email residuum adheres to the iron g 
increasing. 

An enumeration of the various nnsnccessfnl and 
doubtful projects for removing the last traces of these 
impurities would occupy yolnmes ; I must therefore 
confine myself here to the only oue which has been 
Bnfficiently snccessful to be adopted in general ue 
the puddling process invented by Mr. Cort. So impor- 
tant have been the results of this invention, that I may 
venture to say that the only civilized human being of 
his own generation who was not benefited by Mr. Cort's 
invention was Mr. Cort himself ; and the only family of 
the sacceeding generation who were not still greater 
gainers by it were Mr. Cort's own family, for they, like 
their father, would probably have been more proBperoua 
had he never made his great invention. Thoir h 
lite that of Dud Dudley, who taught his follow country- 
men how to smelt iron with pit coal, is a miserable and 
disgraceful one, and too long to be told here. 

The ordinary procesa of puddling consists of Tnnltjng 
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Ae pig in a flat-bottomed reTerberatory furnace lined 
with some compoands of iron iind oxygen, etiiring the 
melted moss imtil its impmitiee are separated, partly 
as gaaeoQS compouiids and partly as liquid cinder : then 
collecting together the iufneible iron and forging it 
into slabs, bars, &c., as may be required. 

The construction of the puddling famace will be 
□nderstood from the following figure, a vertical section 




Fig. 5. — Vertical Sntion through a Puddling Fni 



along the middle showing (/) the fireplace, (6) the bed 
of the furnace on which the pigs are melted and puddled, 
(br) the bridge over which the flame from the fire plays 
and reverberates from the roof, (_fl) the flue which may 
communicate directly with a stack, or be carried under 
steam boUers to utilize the large supply of residual 
heat, (pppp) the iron pillars which support it, leaving 
air cavities below. The whole structure excepting the 
. plates, which are strapped 
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The pnddler'a mode of proceeding is as followB : 
The fire being lighted, and the roof, the walle, and floor 
of the furnace cavity being made red hot by the HamG 
which plays over the bridge and Btrikes against them, 
he carefully "fettles" his furnace by throwing in and 
plastering the bed and sides with ground oxide of iron 
which has been worked with water to the consistence 
of common mortar. The best material for " fettling " 
is red hiematite, but cheaper materials are commonly 
mixed with it or used in its stead. " Bull dog " is the 
most important of these, and is made by loastisg 
refuse cinder or impure silicate of iron in an oven like 
a limekiln. By such roasting the silicate of protoxide 
of iron is changed into sesquiozide of iron and uncom- 
bined silicic acid. Besides this wet fettling, a certain 
quantity of loose "hammer slag" is commonly thrown 
upon the furnace bottom. We shall see the use of 
these things presently. 

The furnace being thus prepared, the lumps of pig 
iron are thrown in, the door closed, the £re made np, 
iuid dampers raised to obtain as much heat as possible. 
An ordinary charge is ^ cwt. to 4^ cwt. of pig, usually 
4^ cwt. The time required for melting varies con- 
siderably, according to the composition of the pig 
and the state of the furnace, though from thirty to 
seventy or eighty minutes may be quoted as a fait 

Two men work at each furnace, tho puddler-in-chief 
utd his assistant or under hand. The work, which is 
very severe, is divided between them, the puddler taking 

■t portion which demands the greater amount of 
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delaj tkn talsea Ui phea. Am ^ Hk 
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aoUd partidee *te tho oompaiktiTely infiisibls inm, 
and the liquid is the oompooiul cS eitiaites, Ac^ csUed 
the cinder. 

The paddW carefoUy fieU the cooditioD of the 
mixtore, and Tigoroosl; brings tho^ portions which ara 
leas adranced into the moet active portion of the fortutc^ 
groinng abont the bottom, eidcs, and comers of the 
furnace to prevent adhesion of the solid iron. When 
it has fnllycome to nature, i. e. when the separation of 
the silicon and carbon and consequent infnsibility of 
the iron is enfficiently complete to render the distino- 
tion between iron and cinder qnite anmistakable, the 
pnddler commences gathering the solid partioles to- 
getherintoballs,or"balliiignp." Three or four of snch 
balls are commonly made &om each heat They are 
grasped by powcrfol tongs, placed in an iron track, 
and wheeled off to the hammer, where they are welded' 
into a coherent solid mass. The tilt hammer 
formerly used for this purpose, bnt it is now nearly 
snpersoded by the steam hammer. 

"Sqneezers" are sometimes used instead of the 
hammer ; the puddled ball is thrust into a month 
formed by circular corrugated jaws, the inner one of 
which rotates and carries the ball with it into 
gradually narrowing space, until it completes tha 
circuit and comes out a cylindrical mass of coherent 
iron. Other forma of squeezers are simple gaping 
jaws that open and close by a hinge, like the jaws of 
an animal, and have notches corresponding to teeth. 
Where large pieces of iron are required, several balls 
are welded together as they come from the puddling 
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The Bteam haumier lias b. great aJvontago 
r the tilt hammer, as the latter must always fall 
with its fall weight, while the steam hammer may be 
"humoured" with any degree of deKcucy, even to 
cracking the top of an egg in an egg-cup. Certain 
qoalities of iroo, which would crash into fragments 
under the tilt, may with care be welded into gluhs by 
the Bteam hammer. 

I now come to the theory of puddling, which is 
Btill a debatable aubject. It has been described as 
merely a process of oxidation eU'ected by the air which 
plays along with the flame upon the snrfaco of the 
shallow pool of melted metal. This, however, is in a 
doable sense a very superficial explanation. It leaves 
oat all the phenemena of boiling and the jets of car- 
bonic oxide which are so remarkable and characteristic. 
There can he no doubt that oxidation is rapidly pro- 
ceeding, and is an important element of the puddling 
process, but this oxidation is not wholly, nor oven 
mainly due to atmospheric oxygen. The oxygca that 
ie the most offectivo in paddling is that which is 
evolved from the fettling. The seBquioxido of iron 
used for this purpose is reduced to protoxide, and even 
to metallic iron, and the oxygen evolved passes through 
the jlielted pig, combining with its silicon to form silicic 
acid, which combines with protoxide of iron, but not 
with sesquioxide. This oxygen also combines with the 
carbon and forms the jets of carbonic oxide abeady 
described. I have often watched the puddler very 
carefully, and have observed that he does not merely 

T the liquid as a cook whips an egg, excepting at one 
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particular stage, »iz. when the boiling is nearly c 
pleted and the iron is coming to natnre. Previons tisU 
tJiia, when it is desirablo to accelerate tLe oxidation o 
boiling, he continnally ecrapea the bottom of the fi]T'*9 
nace with the bent end of hie rabble. I have learnedT 
to reepcct bo profoundly the curious store of illiteratsi 
scientific knowledge posaeesed by the pnddler, that I.I 
always seek a reason for cTerything ho does. ThB J 
evident, though nnosplaincd, reason for his caiefdl 1 
scraping at the bottom, bofore there is any risk of 1 
adhesion, is, that he is Bcrupulonsly bringing freslt 
surfaces of the melted pig in direct contact with the 
surface of the fettling, that it may have the full benefit 
of its oxidizing action, and that the top dooxidized film 
of fettling may he removed. 

So far, then, there is no diffictilty in explaining the . 
removal of the silicon, corbon, and manganese, Wb 
find the silicon combines with oxygen in the silicateB 
of the cinder, and we see the oxidation of the carbon in 
the flame jets of the boiling. The oxide of manganese 
combines with some of the silicic acid. But I hava 
already stated that mere oxidation will not remove the 
small bnt miachievous residuum of sulphur and phoS" 
phorua. The experience of the Bessemer process and, 
other devices dependent upon more oxidation has'noV 
rendered this statement incontrovertible. Bnt pud- 
dling doe« remove sulphur and phosphorus snf^ciently 
to produce good merchantable iron &om pigs abomidiiig 
in both of these evil impurities. How does it effect 
this? 

This question has never been satisfactorily answered. 



1 TKao (mdation was tacitly accepted aa esploitiing all 
the phenomoiin of paddling, until the facts revealed by 
the Bessemer procces e&ctnally refuted the asBump- 
tion. I have ondeayonred, by carefully watcbing the 
proceedings of the most Buccessful puddlers, to £ad a 
better explanation. It is known that much of the 
sulphur and most of the phosphorus which are removed 
by puddling, pass into the fusible silicate or " tap 
cinder," and Dr, Percy has shown reasons for soapect- 
ing that a " liquation," or sweating out of tho more 
fosibla sulphides aad phoaphiJea may occur when the 
iron is solidifying, or " coming to nature." I believe 
that this is correct, but it is not all, and that the 
essential efficacy of the puddling process, as regards 
solphur and phosphorus, is, that it consists iu a wa»k- 
iitg of the granules of iron in the fusible cinder ; that 
the fasiblo sulphides and phosphides, ia accordance 
with the general laws of fluid difPusiou, have a ten- 
dency to mil with the liquid cinder, and that the 
pnddler, by violently agitating tho solid particles of 
tho iroQ amidst the cinder, avails himself of this ten- 
1 dency to wash away the phosphides aud sulphides that 
I ezade from the surface of each little particle of iron. 
I was led to this conclusion by the change of action 
I whicli the best puddlers adopt immediately the iron 
! begins to come to nature. Instead of leisurely rubbing 
or grotiiug tho hook of his rabble along the bottom of 
the f\imace backwards and forwards, he commences 
' % furious stirring of the whole moss. TjRing the aides 
< of the rabble hole ae fulcra, he works the rabble vio- 
bimllf from right to left like a paddle, aud evideatly 
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attachoB the grefkteet importance to the vigour of this | 
perfornmiico. My own obBervatione of the effect upon 1 
the quality of the iron of extra effort or neglect at this | 
stage fully ooDfirm the puddler's belief. 

By way of BUmmary, I may deBcribe the puddling. I 
process as au oxidation of tbo Bilicon, carbon, and most I 
of the manganeee of pig iron, and a washing out of tl 
greater portion of the phoephorus oad snlphtir by the 
fusible silicateB forming the cinder. 

I Bhonld have added that every pnddler knows titai 
without a good " bath " of fusible cinder he cannot 
get good iron from impure pigs, and when his pig 
is "dry," i.e. deficient in Bilicon, he adds a good 
qnantity of silicate in the form of hammer slag, or tap 
cinder. He prefers the slag, and chemical analysis 
reveals his reason, for it contains far less of pbos- 
phoruB and sulphur than ordinary tap cinder, and 
bonco washes out these imporitieB more eflectually from 
the iron. 

The silicateB are otherwise useful : they assist in. 
protecting the granules of iron from the oxidation 
which in the advanced stage would be miachievoiUi 
This riBk of oxidation is the greatest when the pnddler 
is collecting the granules into a ball, during which 
time his furnace-door is necessarily open, and the 
glowing iron is thua liable to exposure to the air. 
coating of oxide upon the granules of iron would 
prevent their welding together under the hammer or 
squoHzer, The puddler ie well aware of this, and takes 
very skilful measures toprevent oxidation or "catting," 
he sometimes calls it. He closes his dampets, 




isos. 35 

"fiirowB freeh coal not only on the fire but oIbo on the 
air-wajs of the fire, in order that he ntoy hiLve a 
reducing or deoxidizing flamo. He makes up and 
places the ball not on the handiest place, viz. opposite 
the fttmace-door, but quite on one side of the fire- 
bridge. There it stande to await, if neoeesar;, its 
torn to the hammer, enveloped in a lurid sooty flame 
which ofForda the best possible protection fiam atiuo- 
epheric oxygen. 

The puddier has too often been nnjustly cenenred by 
merely book-learned critics, who have pointed to the 
denee volnmes of black smoke issuing bam his ftimaoe 
chimney as evidence of his ignorant wastefulness of 
fuel, and lecturers have come all the way from London 
to the Black Country to put him right. In this case 
the ignorance is all on the sido of the learned men, 
and the true scientific knowledge with the block-faced 
illiterate pnddler, who has acquired hia knowledge by 
Mb own unaided application of the Baconian method of 
inductive research. He has observed, experimented, 
generalized, and deductively applied the principles 
thus induced, all without ever having heard of any 
other Bacon than that which is salted, and without 
being able to expound his knowledge in any other form 
than practical lumps of malleable iron. 

Again and again I have carefully watched the 
pnddler's furnace during the whole course of his 
operations, and have found that (except at the moment 
of firing) there is no black smoke to be seen so long 
as the oca] is required a» a source of lieal, the smoke 

^^^pcuring forth when the puddler is using the 
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hydrocarbon of his co^ as & reducing agent, L e. 
his business in not to melt or to burn, bnt to prm 
burning. 

A great dool of ingenuity hoe been expended on I 
efforts to puddle iroD by machinery, but with very 
limited Buccess. Many of the inventors have started i 
with n false theory of puddling. They have assumej 
that it is a mere matter of etirring or agitation io< 
quiring to bo done in a regular and vigorous manner. 
If such were the cnBs, puddling by machinery would 
bo one of the simplest of mechanical prohleme. If the 
pnddler were, as so many suppose, a mere musculai 
machine, his muscles might at once be sapereeded by ' 
the fitoam-engino, A score of machines have beetfi 
tried, and all have failed. A certain amount o 
has been attained whore the machino has been appUet.; 
to aesigl the pnddler by driving the rabble which tb^ 
puddler holds in his hand, and guides by his intelB', 
gcnco. One of the more recent of these is the rotatiw 
rabble of Dormoy, the principle of which will be easilf 
understood by anyone who has had his hair bmshod 
by machinery. Above the fnmaco is a rotating s 
opon which a pulley is fixed, with an endloss 1 
hanging loosely down in front of the fnmace, and of 
couTBo travelling as the pulley rotalos. The puddlsi'l 
rabble has also a pulley attached, which ho rests d 
the lower part of the band when required. It ibai 
revolves, and the end being shaped as a rude Arcfan 
medean screw, or a flat paddle according to the work 
required, the puddler has only to swing it to t 
place where agitation is required, and hie stirring oft 
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gTCping efforts reoeiye important aid from the rota- 
tory citation with which they are accompanied. The 
weight of the rabble is supported by tho band, and 
thus a much heavier rabble may be used. One ad- 
rontage of this is, that it ia not ao rapidly heated. 
I have seen good reBolts obtained thus, but the pud- 
dlers complained of escessive wear and tear of the 
fiimaoe bottom. 

The meehanical device which has recently attracted 
the greatest attention ia the rotatory puddling furnace 
raintFoducod and improved by Mr. Danks and still 
further improved by Mr. Crampton. Eore it ia not 
the mbble, but the fumaco itself which rotates. In 
spite of very sangoine hopes and promises and the 
reports of successfal porformanco, I am still doubtful 
of its ultimate and general suceeae. It rolls and 
agitates most efficiently ; it bringa the melted pig well 
in contact with the fettling ; but it lacks the puJdler's 
intelligence, and supplies no efScient substitute for it. 
With a suitable quality of pig it may do the work of 
an inferior puddler ; but I cannot understand how any 
mere rotating drmn, with even tho most skilful arrange- 
ment of internal splashors, can effect those adaptations 
of operations to reqoirement, which constitute all the 
difference between skilful and clumsy puddling. It 
must be noted that there are puddlera and puddlers: 
that with the same pig, fettling and foel, one will 
produce an iron that ia just merchantable for ordinary 
purposes, another will turn out an iron of fine quality. 
To make iron of some sort and plenty of it ia a com- 
I jsntiTely easy task, but to produce a fine quality of 
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iron from common or isierior pig ia ■ very difficult 
problem, which none but our moet skilful poddlen 
have yet succeeded in pnkctically solTiDg. 

I Khonld add that puddling furnaces are ecpmetdmcfl 
made double, trith doore oppoeite to each o&ee, mi 
worked from opposite sides by two sete of men. These 
furnaces take double charges. In some works K ttcair 
sidomble saying of time and ixiel is effected by ch&rging 
the puddling furnaces directly from the blast iar- 
naces, the fiiiid metal being poured down channels or 
gutters made for the purposa In these cases, of 
course, special orrangenients are demanded to adapt 
the blast furnace for frequent tapping and the drawing 
off of small quantities at one time, and the pnddling 
furnaces hare to be arranged about the base of the 
blast fumaooB. I have seen this mode of working 
snooeesfully carried on with double puddling fomaoee 
at the Chillington Iron Works, near Wolverhampton. 
As the cost of fuel increases, it is likely to be men 
commonly adopted. 

The subject of puddling must not be dismissed witli- 
ont a few words on " physic." This is the name wMch 
the puddler gives to certain chemical substances whioh 
are occasionally thrown into the furnace, either before 
or after melting. The amount of mystery which com- 
monly enshrouds these admixtures, and the solemn 
and knowing manner in which the paper packets ore 
thrown into them by the physic man, are often quite 
grotesque. Each particulor physic is supjioBed by its 
proprietor to be o profound secret, is locked up in a 
sttong bos or shed, and jealously guarded. I have seen 




f et ftne, lod fasTe hsd aertnl seat to me for 
WMlfBis. All wtTO alike: oonnMn nit of agricnl- 
taiml salt, either used wiUtovt •dmutore, or more or 
len disgniaeJ mtli aoot, Mad, iron scales, mshing 
soda, &e. It appean that small ({saotitiM of cammon 
salt or Other cbloridaa are in Hme nnrn really beos- 
fietaL Had tbis sabject bem iBfiiiij^iliiiil instead of 
mystified, I have no doubt that anne very mefbl and 
practical knowledge might have beoi obtained ; as it 
is, it voold be onaafe to Tentnre beyond a general 
^eenlative snrmise that these chlorides do Bometbtng 
towards the removKl of Eolphnr, and possibly of pboe- 
phoTDS, in the form of volatile eompounda. 

The process recently introduced by Hr. Jamea 
Henderson, of the United States, and known as " Qie 
Henderson proceaa," is tbe only pnrely chemical device 
I have yet eeoi that feouves [dKWphoms and snlptiin' 
as the pnddler does. Hr. Henderaon mixea powdered 
flnor-spar (floorideof cahdnra) with odde of manganeBe, 
cheap iron ore, such as ilmenite, or even powdered fire- 
brick, and places aboat I cwt of this mixtare on the 
bottom of the hot paddling fomace ; after which an ordi- 
nary charge is added, and melted ia the osnal maimer. 
If tias is now left, atiOioiit any puddling, it gradnally rises 
to even a more violent state of boiling than is attained 
b; the pnddler. The jets of flame are yellowish and 
very abnnduit. The iron rapidly comes to nature, and 
in leas tine than is reqnired for ordinary pnddling it 
is completely made, adhering more or less firmly to 
tbe fnmace bottom. I have carefolly watched this 
^ and analyzed ihs iron and mild steel made 
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thereby, with much Borpriae at the effectual Femoval of 

the sulphur and phogphoms, but more paFticnlnrly of 
the latter. Tho reftction of the fluoride ie evidently 
most powerful, and the ooly doubtful point relative t6 
this process is whether it attacks tho iron and diminiEhes 
the yield. To settle this question it must be conducted 
ill a furnace especially adapted to ituelf, and upon iron 
run directly from tho blast furnace. 

As already stated, tho bull of iron which the pnddlet 
OollectB, and which, oa he grasps it with his t«ngs, 
appears like a mass of red-hot sponge, is placed 
under the tilt or steam hammer, or passed through a 
Hqueezer. 

The oly'eet of this is twofold. First, to weld to- 
gether tho loosely coherent porticloB of iron, and, 
second, to squeeze out from between them the still 
adhering fusible silicates. The resemblance to k 
sponge is mado very manifest when the ball is seen 
receiving its first stroke from the steam hammer, iia 
fts it is crushed down, the liquid silicates ooze from it 
just like water from a saturated sponge. At each gdc- 
oessive blow the ball becomes more and more solidified, 
and the amount of oozing liquid gradually diminisheB 
OS the block of iron hardens, while the blows, at first 
quite silent, become more and more resounding. After 
the second or third blow the red-hot liquid is dashed 
out so violently that it is daugorouB to stand within 
duelling distance of the hammer ; and the " shingler," 
who tui'UB tho iron about and places it under the 
hammer, is armoured like a knight of tlic middle ages. 

The silicate thus esuded is properly called " elag," 
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d thus dietingaislied &om the " cinder " which flowa 
boat the f'nmaco. It lUffere in chemical eonipoBition, 
ftud is OEcd by the puddlcr as ab-eody stnted. 

The iron thns beaten into cubical or briek-ahaped 
Imnpa oommonlj called puddle bars or blooms, bos a 
roi^li BG&ly BurfocG and generally coarRe appearance. 
Ita eubseqnent treatneat depeuds upon tbo purpose for 
vhicb it is to be used. Generally speaking, it is 
loheftted in a reheating or mill furnace, and passed 
between grooved or plain rolls, which either giye it at 
<HU)e tbe shape required, or a convenient approiimation 
to Hi&t ebape. 

At each reheating and rolling a continually dimi- 
nishing quantity of fusible slag is pressed out, and 
wiUiin certun limits the quality of the iron is cor- 
respondingly improved. So important is this improve- 
mont, that in many cases the puddled bar is reheated 
and hanunered again with so other object than the 
improvement of quality. This treatment is espressively 
described by the workmen as giving it a " wash heat." 
He evidently sees in this some analogy to the rinsing 
and wringing work of tlic laundress. 

In the manufacture of the best boiler plates, the full 
advantages of reheating and rerolling are mode avail- 
able by the ingenious device of " piling." The puddled 
bar is rolled into a rude oblong plate, usually from 
^ to 1 inch thick. This is cut up into strips, which are 
piled upon each other crosswise, forming a bundle or 
fagot, which is placed in the reheating furnace tintil 
it reaches a welding heat. The heated pile is then 
jOTird through the rolls until it reaches the required 
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An interuting aeriee of expeximeats « 
>Bli}ect hj Mr. Joahnk JeaTtms, at the i 
Sheffield, and the KSiilts exMbited bj ihe t 
tbe pl»te a^r eacli roUing. The gradiul i 
menl ttf the silky fibre of the iron up to the fi 
or scTcDth hcftting, the sobseqaent appeal 
(pwnitlet) in the midst of the fibres, uid ti 
with Gftch BDCGe8Bi*e besting aftemitrds, i 
ifistructivo. I found, by chemical analyEiB, ti 
kin<l of detorioratiim Is due to the existence of s 
qiiuntitib'6 of oxides in the midst of the iron, and that 
thene dork granuleH are the characterifitic indications 
' iuoh intomal oxidation or homing,* and have 

' Oh«m<Ml Newi,' April, 1S71. 
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■ Uiiis : Ordinal^ trm ""*■"■ 
» Bnall qoantUj <rf cacbao ; wben cth irtm ia heated 
and expoeed to modentelj aetrre oxidixiag agOKj, tbe 
cacbon is attacked iDproferenee to theinMi; hitafts 
tbe caibon has beoi Qam bmnt out, Ae mm ia no 
loi^ei protected, and ilaalf IiegiiiB to osidiaB. Asied- 
hot iron is cnrionalj penneable i/y certain gasee, this 
oxidation may tMke place tbioti^ioat. The workman 
^ipit^riatel; dcscribea inm which is thns deteritvated 
as "bonit iron." Thia liability to bnming preBenls 
dBe of the great difficnlties in the mann&ctnre of 
■nnonr pUtes. 

Not many years ago 4^ inches was generally bdiered 
to be 0te greatest diicknesa obtainable in rolled irrai 
platea, any important addition to this being est*- 
Uished ae impoBeible. Fortonately, there are stHne 
Englishmen endowed with a Btnbbom disbelief in 
impossibilities, and one of tbcee, named John Brown, 
a railway spring and buffer maker, of Sheffield, told 
the Government anthorities that he woiild moke them 
7-inch plates. The offer was rejected as Tisionary 
and impossible ; bnt as Sir John Brown tells me, in 
an interesting letter jnst received, he " volonteered to 
make plates of 5i and 7 inches, and Ghonld they 
penetrate them I would not charge for the plates, 
but should the shot be kept ont, I should be paid. 
I teas paid, Afternards we went on increasing np 
U> li inches in thickness. The reanlt of the success 
in the 7-icch gave the anthorities fall confidence, 
and at last they were willing to listen to ' an in- 
i contractor.' " Sir John Brown attributes his 
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to " working to the mle of thumb (knowing no 
other guide), finding out from dnj to day, and 8ome- 
tiinefi at great cott, tho way to accomplish my dedre." 
I quote this passage as an illnstration of what I have 
long maintained, viz. that the successfnl artificer iB a 
true and faithful, tLougli unwitting, disciple of Lord 
Bacon ; that the " rule of thumb " intelligently carried 
out is the same method of observation, experiment, 
and induction by which the great triumphs of modern 
ecieuee have been achieved, and therefore that science 
and practice are more closely allied than most people 
believe. 

But to revert to tho armour plates. Aided by his 
able partner, Mr. J. Devonshire EUis, and by the best 
workmen that could bo obtained from any part of 
the country, Sir John Brown has fully succeeded in 
realizing his original vision of a 16-inch armour 
plate. 

The following interesting particulars of the dimen- 
sions and weight of some large plates rolled at the 
Atlas Works, ShofSeld, established by Sir John Brown 
and Mr. J. D. Ellis, have been kindly supplied to me 
by the latter 




plate has to be Bquored and cut to specified dimonsions. 
Mr, Ellia regards the last of the above, although the 
thinneat and lightest, as the best example of uanuiac- 
turing success, the difficulties of thickneBs having been 
so eompletely overcome that the greater difficulty of 
increoBiDg ^dtli is now the main point of itttaek. A 
rolled plate 18 feet 4 inchciE long, 10 feet 2 inches wide 
and 5 inches thick, might well be set up on end as a 
moniuneat of BritiBh industry and skill, uud would be 
more worthy of admiration than the biggest of the 
Egyptian pyramids. 

As regards thickness, I may add that all these plates 
comie out of the furnace about 30 inches thick, and 
thns any of them might have boeu left at 20 inches, 
but of smaller area. 

As already stated, one of the great practical difQcul~ 

ties in making armour plates arises from the difficulty 

of reheating these great masses without burning. Tho 

^AMMce in which the " moulds " or large piles are placed 

^^■feed-bot chamber big enough to serve as a small 

^^^Miz. This has to be uniformly beatod with the 

mSty flame from a huge fire. The door of the furnace, 

which is raised by levers like tho door of the puddling 

fiimace, must be large enough to admit the great pile 

of plates, and has to be frequently opened in order thut 

the progress of boating may be watched. As may he 

supposed, such a door is for from air-tight ; the air 

enters all round, and especially at the bottom. This 

would be quite snfiioient to ruin the plate, but for a 

remarkably simple and beautiful device of the illiterate 

but by no means ignorant workman. He places lumps 
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^^^B of &eah oottl jnet witLin tho door in such a manner, tliat 

^^^V thejr ore Toasted by the radiations &om the Same and 

^^^B ted-hot walls of the furnace chamber. What mnet 

^^^1 follow? Tbe ooal is diatilled, as in a gas or oil 

^^^1 retort; its hydrocarbon vaponra are given off nearly 

^^H ted hot and greedy for oxygen. As the leaka^ draught 

^^V pMBes over them, tLeee Tapoura combine with the 

^^H oxygen, which is not enf^eient in quantity for theii 

^^H^ eomplele combustion. Thue the entering air which 

I would otherwise oxidize the iron iB replaced by a 

mixture of reducing carbonic oxide, nitrogen, and 

smoky hydrocarbon vapours, which protect instead of 

destroying tbo iron. In all their operations, whether 

with armour plates or the smaller and less difficult 

reheating fumacos of Bimilar construction for boiler 

plates, &c., the same device is adapted. The puddler 

in like manner chokes up bis fire-doors with ^ah coal 

when balling, and ohtaina a similar resalt. The mill 

forgenum, like the puddler, has been accused of wasting 

fuel on account of his smoky fire. Were he to follow 

, the instructions of these very learned and equally 

^^m BUporGcial critics, the production of useful armour 

^^k plates or even the best boiler plates would be im- 

^^V possible, for with a clear smokeless fire such as he has 

^^^ Bo often been urged to use, he would only economize 

coal by burning iron in its stead, imd his plates wonld 

bo rotten and tiseless. 
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Br W. MATTiEtr Williams, F.C.3., F.R.A.S., kc. 

Stkml, as everybodj knows, is a compoimd or mixture 
of iron and carlxtn. Simple a» this fact appears, a great 
deal still remaiiiB to be learned or settled coacerning 
iha chemistrj of steel. Tlie manner in irhich the 
carbon is mixed or combined with the iron ; trhether it 
GxistB in the same state of combination in softened and 
in hardened steel ; how it operates in producing the 
remarkable differences in the properties of iron and 
steel, are etill nnknonn, and even tbo proper applica- 
tion of the name " steel " is not settled. Some eminent 
ohemlsba have maintained that other elements, snch as 
nitrogen, are essential to it. 

Ab Etlready stated, ordinary wronght iron contains a 
small quantity of carbon, and this may be increased 
gradually without any clear lino of distinction until we 
get hard iron, semi-eteel, mild steel, medium steel, hard 
steel, very hard steel, brittle steel, and an unweldable 
compound of iron and carbon, which brings us to the 
other limit to which the term steel ia applied. 

What then are the mechanical differences which 
accompany these successive additions of carbon to the 

Iron in its purest attainable state is, as I have already 
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said, infusible iu ordiuttry fumaceit, and Is softer ui3 
tougher tL^n iron containing a bu'ely measureabU 
quantity uf corbuD. As the proportion of carbon in- 
oreaseB, it becomes more fusible, harder, more brittle, 
and though lesa tongb, is more tcnocioos. 

This apparent contradiction roEpocting toughneei,. 
brittlcncBS, and tenacity demands some further expla- 
nation. By tenacity, I mean the force required to tear 
asunder a piece of given size by a direct pull steadily 
applied and gradually increased without any blow at 
vibratory shock. Thns a bar of good wrought iron. 
one inch square and suspended by one end, will sappim! 
a gradnnlly increasing weight up to about 20 to 25 taoii 
at which it is finally torn asunder. The Admiralty 
standard test for boiler plates is 23 tons to the squartK 
inch aa the breaking weight. When the iron is others 
wise pure, the tenacity thus meosured inci-eaBes withia 
certain limits with the increase of carbon ; bi 
brittleness or liability to break when struck or eubjeote^ 
to a vibratory strain increases also. The breaking strainj 
of fine qualities of Bt«el, containing about 1^ per cent, 
of carbon, exceeds 60 tons to the square inch. Tb* 
increase of hordneBS conferred by carbon on h 
accompanied with the very important and valuablft 
property of susceptibility to tenipering ; and when th9 
quantity of carbon is sufEcient to roudar this property 
quite decided, the compound is properly called steeL If 
a piece of steel is nuide red hot and suddenly cooled l^ 
immersion in aold water or otherwise, it becomes E 
hard that it will readily cut another piece of the sam 
steel that has been slowly cooled. Steel containin 
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frwn J to 1 per cent, of carbon, when thns treat»3d 
becomes bo bard and brittle as to be of little practical 
use, and ia tbcn aaid to bo " hardened ; " but this 
hardnesa is easily modified by " tempering," which 
renders it somewhat softer and leas brittle. The 
degree of snch softening depends upon the temperature 
to which it is raised in thus reheating. 

The workman regulates thia temperature by a very 
simple and elegant device. Having cleaned the surface 
of the hardened steel, he exposes it to heat is snob a 
manner that he can watch the bright surface. As the 
temperature riaes, this surface becomes coated with a 
Very thin, but gradnally thickening, film of oxide, and 
in accordanco with an optical law discovered by Sir 
leaac Newton, the colour of such film varies with its 
thickneas. At first it is a pale straw colour, then 
a deeper yellow, which gradually rune through a 
brownieh yellow to a purple, deepening and changing 
to violet, then to dark blue, which blue colour fades and 
dies away into a settled dark grey. If ho is tempering 
t tool used for cutting metal, and therefore obtusely 
edged, such as a drill, plane iron, turning tool, &c., 
he " lets it down " to a straw colour. If the tool is 
for cutting wood and edged more acutely, ho goes on 
to the deep yellow, or what he calls the " nut brown," 
where yellow is merging into purplo. For finer edges, 
where more elasticity is required, he proceeds to the 
pnrple ; and for such purposes as watch springs, he raises 
the beat till the oxide film displays dark blue. Thia be 
calls "spring temper." Saws, swords, needles, fiah- 

Kare spring tempered. If a saw or sword 
:_ 
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were left as hard as a file, it would break ia the course 
of ordinary obo. The temperatore at which the Btraw 
colour makes its appearauce is about 420^ Fahr. ; 
brown 500°; the purple at about 640°; blue about 
600°. Tempering is effected by aainply placing the 
tool, &c,, upon a hot plate, or in an oven, or by im- 
mersing it in a bath of fusible metal. 

Stoel is somewhat whiter than iron, A drop of dilute 
nitric acid left for a short time upon a bright surface 
of steel or cast iron leavos a black stain of carbon, nhUd 
the spot left upon wrought iron &oe from ootbou is 
grey. 

As already stated, we cannot definitely say where 
the distinction botwoea iron and steel commences ; but, 
roaghly speaking, iron containing any quantity of 
carbon within \ per cent, bears the name of wrought 
iron. From ^ to ^ per cent., we have semi-steel ; between 
this and ^ per cent., mild steel ; from | to 1 per cent., 
ordinary steel ; and &om 1 to If per cent., hard and very 
hard steoL Above this the compound fuses so readily 
that it becomes unweldable, i. e. it does not pass into a 
sufficiently pasty stage on its way to fusion. At about 
2 per cent, cast iron begins, but we must avoid the 
common error of supposing that the difTerenoe of 
carbon canetitutes the whole differeaoe betn^n steel 
and ordinary cast iron. 

It is only from iron of the finest quality that steel 
containing above 1 per cent, of carbon can be mode. 

The ordinary method of making steel (or of " con- 
version," OS it is termed), which was almoat exclusively 
adopted in this country until lately, was the process of 
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Swedish charcoal iron is used for the 
best qualities, and the pnrer the iron, the greater the 
qnautity of carbon it will bear. If common iron is 
used, the steel cannot bo forged even with 1 per cent. 
of carbon, but cracks or crumbles nndor tho hammer 
when red hot. 

The cementing fiimace is a cnpola- shaped chamber 
terminating in a chimney, having estemallj the ap- 
pearance of a glass-house. Those dome-like structnrea 
are characteristio features of Sheffield architecture. 

At the tower or expanded part of the cupola are two 
fire-clay troughs or " chests," covered with an arch 
forming a cavity or chomberabovo them. Those chests 
are heated by a fire helow, and flues arranged around 
them in such a manner that tho tcmperatuio shall be as 
nearly uniform as poseiblo. The iron to be converted 
is rolled into flat bars, usually about 3 inches wide and 
j inch thick. The chests vary from 10 to 15 feet in 
length, and take a charge varying from 12 to 18 tons. 
Coarsely ground charcoal — that of hard wood preferred 
— is first spread to a depth of about 2 inches over the 
bottom of each chest, and upon tl'ia charcoal floor a 
layer of bars is placed, with a space of i^ to f of an 
inch between each. Then another layer of the char- 
coal or "cement" is sifted over those to a depth of 
about an inch, and so on, until tho chests are filled to 
within about 6 inches of tho top. The remaining space 
is then filled with old cement powder, and this is 
plastered over with damp sand, or the mixture of sand 
Knd steel particles obtained from tho wearing down of 
grindstoneB, or with clay, the object of this upper layer 
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pfopen of eamantitkii &oa time to time exunined. 

The fire is now limited and the whole ehuge 
gndnally ruaed to m glowing red heat, and kept Quu 
for a week or ten dajs, aecotding to the reqniied hud- 
noH of the cteeL When by csamiaation of the testing 
bus the oemenlAtion is shown to hsve made snfficieDt 
progress, there being no core of nnconverted soft iron 
in the middle of the bar, the fire is gradnall^ lowered, 
finally estingnished, and the fnntace cooled. This 
occupies sbont another week, the eementation still 
making a gradoally diminishing progress. 

Tbe bars at this stage are called " blistered Hteet,' 
on aooonnt of the pecnliar condition of their snr&ce, 
wMoh is covered more or less completely with blisters, 

tftriiing eTidently from the evolution of gas (probably 
carbonic oiidu) a little below their enrfoco. It ia by 
tbo <ixtt»it and t|je appearance of ttiis blistering, and by 
the "grain " of the fracture, that the workman jndges 
of t)iu amount of carbon which has combinod with the 
inin. 
That thii carbon sliould actually penetrate these solid 
barn of wnnifjht iron and combine with their snbetance 
evun to tbo middlo. is a very remarkable fact. The 
eijKirimontii of the late Dr. Graham demon Btrating the 



wonder^ permeability of iron and other metals to 
oertain gases, assist in explaimng tLe phenomena of 
cementation, especially as it appears that a certain 
quantity of hydrocarbon, of cyanogen, or other carbon 
componnilB which become gaseous at a red heat, mate- 
rially assists the process of cementation. The use of 
cyanides, such as the common commercial " prussiate of 
potash," in stcel-making is one of those profound 
secrets, well known to all concerned, which are so 
grotesquely guarded by certain old workmen in 



There is another way of explaining cementation. It 
is snppOBed that the surface of the iron bar first obtains, 
by direct contact with the charcoal, a large dose of car- 
bon ; that this superficial film then parts with a portion 
of its carbon to the film immediately below, or within 
it, and then regains carbon from tho superficial charcoal 
as at first. Then the second film transfers some of its 
carbon a stage deeper, and absorbs what it has thuB lost 
from the surface film, and so on, deeper and deeper, the 
carbon travelling by a sort of convection from particle 
to particle, or film to fihn, until the centre is reached. 

However this may be, it is practically found, as might 
be oqiected, that the outside of the bar contains more 
evbon, and is consequently harder than the interior ; 
aad besides this, there is a notable degree of difference 
between various parts of the length of the same bar, and 
between the various bars as compared with each other. 

Such being the case, it becomes necessary, in order to 
obtain anything like the uniformity of composiJon 
irhioh is necessary to good steel, to mix these varying 
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portions together. The most obvioaB, and certainly 
the most cffectital mode of doing this is to cnt the bare 
into small pieces and melt the whole, ae ia adopted in 
ihe maaufaoturo of the best British steel, viz. the " cast 
Bteel " or " pot stool " of Sheffield. 

The cemented bars are cut up and melted in cru- 
oibleB or "pots," and then cast into ingots ; but thja 
process is 00811^ in coneequence of the high tempera- 
ture required, the fuel consumed, and the rapid de- 
atruotion of the crucibles. So great is this destmation 
that, in Sheffield and the neighbourhood, garden wkUh 
and other structureB are commonly built of old steel 
pots instead of bricks. " Pot Square " is classic ground 
in Sheffield history, and is still the centre of its popular 
political life. 

This process of melting is usually applied to the 
hardest steel, for two reasons. First, that such eteel, ii 
order to stand the vibratory shocks to which it is sub- 
jected, must be of the best and most uniform quality; 
and further, because, containing more carbon, it Js more 
fusible than softer qualities. 

Although fusion is the most effectual means of 
securing a homogeneous quality of cemented steel, it is 
not the only available method. The cheaper and more 
common mode of treatment of the softer and less fneiUe 
steels is to cut the cemented bars into short lengths, 
pack them together into bundles or "fagots," raise 
them to a welding heat, and hammer or roll them into 
bars anew; and this is how "shear steel" is made. 
When the bai's thus rolled are sheared, &goted, 
welded, and rolled a second time, we get " double sheaTi" 
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H tii«tirgninTiBd from the first, or " eingle shear " steel. 
Of conree, the donble shear is more homogeneous, and 
therefore better, though at each reheating it loses some 
of its carbon by the combnBtion which takes place 
while the heated steel is brought in contact with the 
air during working. 

" Once upon a time," i. e. before the Commonwealth, 
when Dud Dudley taught hia feUow-countrymen how 
to UBe pit coal in the manufacture of iron, it was nearly 
correct to describe eteel as a compound, intermediate 
between wrought iron and cast iron — to define oast 
iron as a compound of iron and carbon in which the 
carbon varied &om 2 to 5 per cent. ; and steel as a 
compomid of iron and carbon, in which the carbon varied 
from about i to about 1;| per ceat. Such a definition, 
however, when applied to ordinary English cast or pig 
inn of the present day, is grievously wrong and delusive, 
but IB, nevertheleas, quite common even in some of om- 
best chemical and metallurgical treatisea. This error 
has built up a mountain of vexation and misery in the 
form of a multitude of abortive inventiona, or rather 
repetitions of the same invention. 

Accepting the authority of euch treatises, a painfully 
large number of unfortunate men have regarded the 
above-described methods of making steel as very round- 
abont, costly, and unscientific. " Wby take out all tho 
carbon in the puddling fuinaco, and then put back oue 
half of it in the cementing furnace ? " say they. " Why 
not stop half-way in course of making the wrought &om 
the cast iron, and thereby obtain the intermediate 
compound, the steel?" or, "Why not simply i 
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one part of wrougiit iron, containing no carbon, with 
one part of cast iron, containing double the reqniied 
quantity of carbon, and thus produce the steel 
Infected with such ideas, they have secured. coBtly 
patents, and made still more costly cxjwriments, wbicb 
have ended in miecralilo disappointment, in spite 
of the soundness of theit reasoning upon the given 
premiseB. 

The fact is, that modem English cast iron is, 
already stated, not a mere carburet, but a metallic- 
looking muddle of many substances, while good steel 
should be composed of iron and carbon, and the smallest 
possible quantity of anything else. A compound of 
iron and carbon, and absolutely nothing else but carbon, 
would be perfect steel, and the business of the steel- 
maker is to approach as nearly as possible to this; 
therefore, he first purifies his iron by removing from 
it, as neai'ly as possible, aU the silicon, sulphur, ph( 
phoTus, &,(!., but in doing this he is compelled to 
remove the carbon also. 

The ancient iron-makors, who used pure ores and 
wood charcoal, were able to make steel directly, and 
made it, in fact, more easily than iron. In oonntria 
where snch ores and charcoal are still nsed, steel ii 
still made by direct process. 

By using "spiegeleisen," or other charcoal iron, or an 
exceptionally pure brandofBIngliBh pig iron; by work- 
ing this with an abundant fluid cinder, which covers and 
protects from oxidation the granules as they con 
nature, and by skilful damper manipulation and smoky 
firing, a steel may he produced in the puddling furnace 
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□ quality with that of the raw material used. 
The pnddled steel oonmioiily made in this country is, 
however, nnfit for tool-makdng, or any decent cutlery, 
but may be used for raila, ploughsharos, &c. 

I have said that the inveDtors who have tried to 
make steel directly from ordinary English cost iron 
Lave all failed ; but, like the alchemiets who tried with- 
out success to transmute vulgar metals into gold, some 
of them have in the course of their efforts discovered 
something else of considerable value. This was notably 
the case with Mr. Bessemer, who obviously Gtartod with 
the plausible theory above described, and sought to 
partially decarbonize pig iron by blowing air through 
it, stopping at the point where the remaining portion 
of carbon shonld produce steel. He did decarbonize, 
and did make the theoretical intermediate product, bat 
when made from ordinary English pig, it was worthless 
for the purposes of steel. By indomitable perseverance, 
however, he succeeded in achieving other results of 
Buch importance that the Bessemer process demands 
special description, even in so brief a treatise as this. 

In the first place, a very careful selection of pig iron 
is made, that produced from hematite being generally 
used. It must contain hut a very small proportion of 
phosphorus, not more than one-tenth per cent. Tho 
proportion of sulphur should also be BmaH, but it may 
be quite double that of phosphorus. Manganese is 
advantageous. From IJ to 3 per cent, of silicon is 
desirable, and the pig should be decidedly rich in car- 
bon. Grey Iron, containing 3 or 4 per cent, of graphitic 
wrbon, is preferred. 
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The following is the average resalt of my o 
analyses of thirteen eamplos of pig iron made and nsel I 
expFOBsIy fur Bessemer purposes. One was a Swedish 1 
pig, the other twelve English hiematite pigB> 



Combined Curbon 
Graphite 

SiliEon 

PhoHpboroa 
Sulphur .. .. 
Munganese .. 
IroD by diSerence 



0-i7 
2'72 

a-34 

0-08 
014 



100-00 



^^^H The manufacture of 

^^^P specially adapted to this proceea, has now hectane 
I^^F important buEiueBB. 

" These pigs are melted in a cupola or other suitable 

furnace, from which the melted metal is poured by 
^^^ means of a trough into the " converter," which is a 
^^^L pear-shaped vessel; a vortical section of which ia shown 
^^^H in Fig, 1. It is lined with £re-elay, or ganister, and 
^^^H lias a flat circular bottom, which is made removable, 
^^^1 as it reijuires frequent lonewaL 
^^^1 This bottom is fitted with fire-clay cylinders, shown, 
^^^r at c (J, c d, c d, c d, each cylinder being perforated 
B from end to end with holes of J to | of an inch 

diameter. The bottom is thus riddled with six^, 
seventy, or a hundred or more of such holes, accoiding 
to the size of the converter. These holes oommimi- 
cate with a powerful blowing machine through 
- chamber c, c, c, e. 



pigs, or 
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The converteT is moimted on an clxib at i, upon 
which it may be turned over by euitablo machinery. 
When ftboDt to be charged (the lining having beea 
mftdu red hot by 
burning coat inside) 
it ie tnrned over nntil 
the line e / ie hori- 
zontal, the melted 
metal is poured in 
at the spout a, attd 
lies in the belly of 
the converter below 
the line ef. When 
thus charged the 
blast is turned im, 

\ after whidi the con- 

! vorter is tamed to 
the upright position, 

I and the melted me- 
tal stands on the 
perforated bottom, as 
shown in the figure. ' '*' ^' 

I It is thus resting directly on the air which fills tho 

perforation, and would of course fall tlirough if in the 
quiescent state shown in the diagram, hut this is pre- 
Teitted by the force of the blast, tho pressure of which 

^ exceeds the weight of the metal resting upon it, which 
is thus driven from the holes faster than gravitation 
can puU it through them. If the blast were checked for 

I » moment, the melted metal would tain through these 
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The "blow" has now commenced; the himdred 
streams of air are tearing through the pool of melted 
iron, and a huge flame roars furiously &om tha 
mouth of the converter. With this flame magnificent 
cascades of brilliajit comscatiiig sparks 
forth irregularly, and the dazzling spraj, as it dashes 
against the wall of the flame-ehaft, rebounds with te- 
doubled splendour, each glowing globule bursting into 
scintillating ftagmenta. The blast roars on mono- 
tonously, but the flame becomes brighter and brighter, 
aud grows in length and breadth as it increases in 
brilliancy until, at the end of abont t«n minutes, it 
attains its nifLrinimn , when its splendonr becomes 
painful to the eye, and yet so fascinating, that few 
who see it for the first time can turn their dazzled' 
eyes away. The spark eruptions still burst upwards. 
from time to time, still dash t^inst the brickwork 
and the ground, and stiU reverberate in fiery gplinten^ 
but their appearance has changed ; they arc no longer 
red hot, nor yellow hot, nor white hot, but have k 
curious and characteristic parple luminosity, whioh- 
is possibly dne to the dazzling impression of the 
flame, for sunlight itself has a sickened partial-eclipse i 
eStict, and at night all ordinary gaslights appear red ' 
and amoky to eyes thus dazzled. After five or tea. 
minutes of this maximum splendour the flame is seen 
to contract, and presently the ponderous vessel turns 
over deliberately, the flame disappears, and the unini- 
tiated spectator is startled by a new display, for as 
tho converter rolls over, the blast tears across the 
sloping surface of ciuder which rests above the 
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metal, and daehea it ont in a huge coBcade of sparks, 
which the rotation of the converter Bpreads ont into 
B fan-ebaped volley, extending from end to end of the 
building, and descending in a broad eheet of fiery 
hiul. 

The trough &om. another cupohi furnace is now 
Bwnng round to the mouth of the converter, and a 
second charge ie ponred in. This is the epiegeleieen, 
Ibe composition and functions of which will be pre- 
sently explained. Ae it mises with the first portion of 
the charge, a furions ehnllition takes place, and a 
great tnass of pale blue carbonic oxide flame pours 
forth with a quiet leisurely waving, that coatrasts 
cnfiously with the previous roar of the white flame. 

The !6eB§emer metal or steel is now made, and is 
next cast into ingots of varions sizes, according to the 
purpose for which it is required. This is effected by 
first pouring it from the converter into the " ladle," 
which is a large pot with refractory lining and a 
plug at the bottom. It is large enough to take the 
whole charge, ttBiially five or sis tone, but in some 
cases considerably greater. The ladle is at one 
end of an oblong platform, which is swung hori- 
zontally upon an axis, and thus it describes a wide 
circle. The ingot moulds ore arranged in a semi- 
circular row immediately below the orbit of the 
ladle, and thus as it is swung round the plug passes 
successively over the mouths of each mould. By this 
means the moulds are filled in succession by opening 
and closing the plug as the ladle ia placed successively 
e them. 
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The object of thns tapping from the bottom ia to 
poor ont the steel fre« from the lighter and fioatbg 
cinder, nhich rapidly cools and solidifies into a cnrt 
on the upper part of the ladle. A simple but rather 
important improvement hae lately been made upon the 
method of ponring. Instead of swinging the ladle 
round over each mould in BQCceseioD as above de- 
scribed, the whole chai:^ is now poured into one mould 
and this commouicates from below with the bollom of 
each of the others. Thus the metal is poured from below 
upwards in all but the first, and is thereby rendered more 
compact, more free from air holes or entangled cinder. 

The foUowiag are the changes which tate place 
during the blow : ' First, the silicon and the manga- 
nese are oxidized, and Bimultaneoualy the graphitio 
carhon ia converted into combined carbon. Fusible 
cinder is formed by the combination of the silioio acid 
and oxide of manganese. As the quantity of un- 
combined silicon diminishes, the oxidation of the carbon ' 
commences, and goes on increasing, reaching its maii> 
mum when the flame ia the brightest. It thus appears i 
that the silicon and possibly the manganese, by their 
greater affinity for oxygen, protect the carbon from 
oxidation while they exist in considerable quantity. 
In like manner the carbon, until it is reduced to about 
a quarter per cent., protects the iron from rapid 
oxidation, A certain amonnt of oxidation of iron doe^ ! 
* Those who desire to further examine the evidence of these 
obangea, will find them stated in a psper which I contributed ta' 
' Nature,' March 9, 1B7I, p. 374. 



however, take place, even in the earliest etages of tie 
process, as ehown by the cinder and the sparks ; but, 
imfortnnately, the aulphtLt and phoBphoms remain 
iminoTed. All this oxidation or combuBtioa is attended 
with a great evolution of heat, the amount of which 
may be best conceived by calculating the actual 
quantity of carbon, silicon, ojid manganese that are 
oxidized during the short period of the blow— about 
twenty minutes. 

With a charge of six tons, and the above-stated pro- 
portion of carbon, silicon, and manganese, tbo absolnto 
weight of the very effective fuel they form amounts to 
above 8 cwt. This is a very large quantity to be 
burned in bo small a space during only twenty minutes, 
and when wo remember that it is burning in the midst 
of the melted metal, it is not at all stirpriBing that the 
steel should be raised to a very high temperature and 
ofiectivGly fused. The Bessemer process affords the 
most effective means yet devised for fusing large 
quantities of steel, or of iron containing but little 
carbon. 

But what is spiegeleisen '? and why is it used in the 
manner described ? It is a variety of imported east or 
omde iron, made with charcoal from very rich ores 
containing much manganese.* It is the whitest of 
white iron, crystalline in structure, and derives its 
name of "Spiegel," or "nurroriron," from the brilliancy 

• The demand for apiegeleiaen has now overrun the original 
•Dnroes of supply, and home-made aultatitutes liave been re- 
oenlly prodnced. 
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of its cleavage planes. The foUowiDg is the average 
result of my own analyses of four ordinary working 
samples: 

Combined Carbon .. .. 4'20 

Graphite 0-42 

SilicoD 093 

Phoephonu 0'06 

Bulphnr 017 

MangoBeie 6'63 

Iron bj difference .. ., Si-59 



Mr. Besseiner's first attempts to produce merchant- 
able steel, by simply stopping the blow at the moment 
when the carbon of the pig ii'on waa reduced to the 
quantity required for steel, were unauccessfuL Hb 
could not deternUDO when this occnired, and there wifti 
aomething wrong in the steel, even when the carbtHL 
happened to be in proper proportion. 

The use of the apiogeleison overcomes the first of 
these difGculties completely, and the second partially. 
Although wo cannot say when the amonnt of carboa 
has reached one jwr cent, or one-half per cent., or any 
other stoel-making quantity, we can tell by the chan^j 
of the flame when the carbon is so nearly exhausted that 
it ceases to protect the iron &om combustion, for aa this 
poiut is approached the flame contracts and alters itc 
oharaotoT, This is the signal for turning over th» 
oonvortor and stopping the blow; the melted iron being, 
now combined with about one or two tenths per cent, (^ 
carbon, and some entangled particles of iron oude bein^ 
L difi^lBod throughout it. At this stage it is utteil^ 
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■unfit for any of the ordinary uses of either iron or 
BteeL It is " rotten," and can neither he rolled nor 
hammered. 

Let us suppose that this has to be converted into a 
mild eteel, containing half per cent, of carboa and that 
the sample of spiegeleisen to be used has five per cent. 
of carbon, we can easily calculate the amount to be 
added. If there are 4^ tons of euch melted iron, half ti 
ton of spiegeleisen will supply the whole with the re- 
quired half per cent, of carhon. In this manner the 
qoantity of carbon may be regulated with a very near 
approach to accuracy. In well-conducted Bessemer 
works a laboratory sample is taken of the finished steel 
of erery blow, and the percentage of combined carboa 
in this is analytically determined by a very short and 
easy process, devised by Professor Eggcrtz. This 
determination serves as a continual chock upon the 
proportion of spiegeleisen to bo used, and indicates the 
purposes to which the steel is applicable. 

The violent agitation and the great volume of blue 
flame which follow the addition of the spiegeleisen are 
doubtless due to the reduction of the free oxide of iron 
by the carbon of the spiegeleisen, and the couseq^uent 
evolution and combustion of carbonic oxide gas. Thus 
the spiegeleisen not only supplies the required pro- 
portion of carbon, but also reduces the chief cause of 
rottenness, the burnt iron. 

The ingot moulds into which the steel has been 
poured in the manner already described are made of 
cost iron, nearly cylindrical, larger at bottom than top, 
They stand upon a fire-clay 




r 



66 BBITISH MANUFACTURn/G ISDVSTIIIE3. 

tilo, and are well p&ckod aranad the bottom, to preTsnl 
leakage tbere. They have lugs or bandies at the 
upper part, by wbicb tbey are lifted clew off &a 
glowiog iDgot, as soon as it is aolidiGed, by means of 
ft bydranlic crone. Theee ingots are then picked up 
by toDgs attached to the sarao roacbinery, and carted 
off to the hammer shops, where they are beaten out into 
oonvenient forms for rolling, i^c. 

The cost of Bessemer stool is about one-fonrth. of 
that of tbe cast siceX above described. Like this, it 
has, when carefully made, the important quality of uni- 
form composition and hardness, bnt it is nsnally nnfit 
for the manufacture of edge-tools and good cntlery. 
Ordinary Bessemer steel will not bear more than about 
three- fourths per cent, of carbon, and some samples not 
BO much. With a larger quantity it cracks or crumbles 
mider the hammer. I have given much attention to 
this subject, and find that the more phosphorus the 
pig of which it is made contains, the less carbon can 
the steel tako ; and I have seen a few exceptional blows 
made by the late Mr. G. Brown, from oiceptionally 
tine "Cleator" pig and superior Spiegel, that have 
borne above one per cent, of carbon without failure. 
In those cases tbo result was a high quality of tool or 
cutlery steel. 

The retention of the snlphoi and phosphorus of the 
pig is tbo great practical drawback to the Bessemer 
process. In spite of this, bowover, it has effected 
Bomothing like a rovolntion in our iron industry ; 
not by superseding good steal for cutlery purposes, 
but by enabling ua to use a coarse or semi-Bteel for 



STEEL. 67 

pmpoeee to which ihib was fonno-lj ^iplud, sad a 
mach cheaper steel for rode and beft*; Gteel im- 
plemeuts. Bessemer steel isils are moie than ten 
times as durable as those of common inm. Tires 
for railway-corri^^ wheels are made of the same 
material, cmd shonld be adjusted so as to contain 
about one-tenth per cent, more carbon, and be con- 
sequently a little harder than the rails npoa which 
they run. 

As the temicity of Bessemer steel is much greater 
than that of iron, it is of great valne for stmctaral 
purposes, such as steel bridges, roofit, &c. Boilers 
made of this material will bear the same pressure of 
steam as iron of mnch greater thickness ; bnt iu all 
these applications great care is neoesBory in watching 
and checking the proportion of carbon, for if a plate of 
a boiler or any important element of a steel stractore 
were made too hard, it woidd bo dangerously brittle, 
and thus endanger the whole. This possibility has 
sarionsly limited the use of Bessemer steel for such 
purposes, especially as the large manufacturers are so 
much occupied with the more wholesale and ruder 
work of rails and tires, that they do not core to bestow 
the necessary scientific attention demanded for tho pro- 
duction of high quality Bessemer steel. I hove long 
maintained that there should be a division of labour 
ia this respect, and tliat an important and lucratiye 
business may be done by any manufacturer who, with 
a small or moderate plant, would devote himself 
exduaivoly to the careful production of the highest 

K of Bessemer steel, by freely availing himself of 
1_ 
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r11 the advantageB which, chemical science places at his 
dispoeal for this purpose. 

As alrcikdy stated, several inventors have patented 
the idea of making steel by simply fusing cast 
wronght iron together, in the proportioaB reiinired to 
give the miituro the necessary quantity of carbon. 
From what has already been explained it will 
understood that all snch attempts must fail if conunon 
English cost iron is nsi^d, as its composition 
different from the theoretical cast iron. 

By the " Sicmcns-MaTtin " process steel has been 
auccessfully mado by fusing cast and wrought iron 
together, but not by tjmfiy mising them. 

The source of heat in this process is the admire 
hie and elFective rogencrative fumoco of Dr. Siemens, 
wherein not only is a higher temperature obtained than 
by any other cool-hurning furnace, but it is ohtained. 
moat economically, and ia capable of such modification 
that an oxidizing neutral or reducing flame may be 
used at pleasure. The importance of this in the 
working of iron and steel cannot be overrated. 

In such a furnace pigs of the best quality, similar to 
those used for the Bessemer process, ore melted. Into 
this bath of fased pig iron, white-hot pieces of bar iron, 
scrap iron, or the scrap ends of Bessemer rails, &c. 
gradually thrown, and when the charge is complete and 
all molted, the mixture is subjected to the action of an 
oxidizing &ame. Ladle samples are taken out &om 
time to time, and tested by sudden quenching in cold 
water and breaking. When the toughness of the test 
samples shows that the decarburizatiou is nearly 



plete, Bpiegeleisen is added, as in tlie BesBemer proceaa, 
for the same purpose and nitli like results, aud ingots 
eimilar to those of Bessemer stuel are caBt, 

The chief value of this process depends upon its 
arailability as a means of working up Bessemer and 
other scrap, snch as the cnttiugs of boiler plates, cuds 
of rails, shavings from planing machiues, &c. 

Dr. Siemens has recently made some very imjiortant 
developments of this process. On the bed of an in- 
tensely heated regenerative furnace he introdnues about 
6 tons of htematite pig, which is soon melted there- 
Hich iron ore, iree from suljihur aud phosphorus, euch 
as hffimatito or other oxide, mixed with lime and other 
fluxing materials, is added to this. An ebullition, 
similaT to the "boiling" in the puddling furnace, takes 
place, owing to the combination of tho oxygen of the 
ore with the silicon ood carbon of the pig metal. Two 
objects are thus simultancoiiHly achieTed, via. the par- 
tial pnrification of the pig, and tho reduction of the ore 
into metallic iron. The aetioo is watched and toated as 
above described in the 8i omens-Martin process, and 
when about 30 cwt. of ore has been added, and the car- 
bon of the whole is reduced to about one-tenth per cent., 
eight or ten per cent, of Bpiogeloisen is added and 
well stirred in. The steel now made is tapped into 
t, ladle, and cast into ingots, hammered, &c., as in the 
Besaemer process. 

The most ambitious and important of recent attempts 
to improve tho manufacture of iron is also an invention, 
or series of inventions, of Dr. Siemens, by means of 
irfiich he proposes not merely to supersede the old 
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coiiverling funiaco arnJ the pDildling prooess, but tlie 
blastfurnace ateu, and to render pig iron a thing of 
the paet. 

la thie, as in bntli of the processes just described, 
thti Boiiroe of heat ie the regenerative gas furnace, to 
which is added, for the present pnrpoBe, a cylindrical 
iron melting pot or crucible, about 9 feet long and 
7 feet 6 inches in diameter, with a lining of about 
7 inches in thickneaa, formed of bricks composed of > 
mixture of " Bauxite " mth clay, or with sLtieato 
of soda and plumbngo. Bauxite is the name of a 
mineral found at Baus, in France, and is composed 
chioflf of alnmiua. The invention of the Bauxita 
bricks overcame ono of the chief difficulties of the 
process, for so great is the heat demanded, and 
capable of being supplied by the regenei-ative furnace, 
that bricks made frum the beat fire-clay hitherto used 
were 80 rapidly burned away, that a lining of these 
6 iuohes thick was reduced after a fortnight's working 
tci loss than half an inch, while a Bnusite lining was 
ouly 5 inches thick and perfectly compact. 

This oylindrioal furnace or molting pot is mounted 
on friction rollers and connected with machinery, by 
which it can bo made to rotate slowly or quickly, as 
desired. It further differs from an ordinary melting 
[mt by being heated &om the inside instead of the 
outside. This is efTected by passing through it, while 
rotating, the gases of the regenerative furnace, so 
that the whole of the inside lining is thus intensely 
llontod, 

Thu ore ti> be smelted is broken up into small 
i &ngmouta not oxooediug the bizb of ^ena or beaoa, while 
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to it is added a properly adjustod proportion of lime 
or other fluxing matorinL The charge, containing 
about one ton of ore, is put into the furnace fully 
heated and revolving slowly. It is thus brought 
into contact with successive portions of the heated 
lining, boeidoB being boated directly by the gaseous 
fnel in contact with it. In about forty minutes, when 
this charge of ore and flux has attained a bright red 
heat, about 5 or 6 cwt. of small coal of uniform size 
and not larger than nuts, are added to it, and the 
velocity of rotation increased. TLo coal combines 
with some of tho oxygen of the oro, and reduces it to a 
lower and fusible oxide, which is further reduced to 
metallic iron as it comes in contact with each piece of 
carbon. At tho same time the silica of the ore com- 
binra with the flux and forms a liquid cinder. 

While this reducing action is going on, carbonic 
oxide is formed by tho combination of the oxygen of the 
ore and the carbon of the coal. This earhonic oxide, 
being itficlf on inflammable gas, requires but a supply 
of air to render it an eflective fuel. Accordingly, 
during this reaction, only heated air is admitted, 
instead of the gas flame of the regenerator, A great 
economy is thus effected as compared with tho blast 
furnace, where the heat obtainable by the combustion 
of carbonic oxide is for the most part lost. 

When the reduction is completed the fluid cinder 
ie tapped off, and a quick speed given to tho rotator, in 
order to ball up the granules of iron. The balls thua 
formed are token out and treated in the same manner 
« the balls for tho pnddliag furnace. 

L mild steel, similar to paddled Bteel, le fon&i^ Vi^ 



1 



Is thus 
nanuer J 



f 
I 



» 



72 iiniTrsn manufacturixo zsdustries. 



^ 



etopping the action before the redaction ia complete, or 
1 is obtuinod by adding epiegeleiBon to tbe 
iron, and rapidly raising the heat by an abundant 
supply of gasos from the rogonerator. The granolai 
thns molts with tbo spiegeleisen, and tbe resnlt- 
ing Gtccl is tApped into moulds and treated as in tbe 
BeBsemor proccBs. 

Instead of pouring the apiegeloiBen into the rotator 
containing the reduoed iron, it is obvious that the balls 
of iron may bo conveyed to another rotator containing 
the fused spiegeloison. Dr. Siemens gives a preference 
ki this, ospooially as several charges of iron may thoB 
be combined, and chargos of 5 or 6 tons of fluid steel 
be made. 

Ho asserts that by this method a " ton of iron can 
practically bo produced with a consumption of 14 cwt 
of coal, and a ton of cost ateol with 12 cwt, of coal," 
i.e. about one-fourth of the quantity that is used in the 
ordinary course of mannfactiiro. 

This announcement was made at a recont mooting 
of the Chemical Society, at which Mr. Lowthian Bell 
and several others well acijuaiuted with the practical 
details of iron-making were present. Mi. Bell es- 
pressed a difficulty in believing its possibility, though, 
like all the rest present, his scepticism was power- 
fully tempored by respect for the scientific reliahilit;^ 
of Dr. Siemens. 

Although iron has been made in England from the 
time of the Eomaii occupation of the island, it is only 
dniiug the life of many living ironmasters that th« 




I of tlie moBt mportaut 
elementa of Eiitisli induetry. The iron used hy our 
ancestore was chie&y imported from Buesia and Sweden, 
and at the beginning of tlie preuent uentnry our home 
production bad not overtaken tlie Lome deniand. 




producing all the pig 



The retnrns for 187S ore not yet completed. It ie 
probable that thoy will indicate a. continuance of the 
decline which hue been going on during the last few 
years. 

I BUBpcct that we have touched tiie summit of our 
productive power, so far as pig or crude iron is con- 
cerned. We are not likely over again to reach the 
approximate Gf millions of tons of 1U72. Our richest 
and mofit acceesiljle coal Beams aro already exhausted, or 
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nearly npproacliing exhaustion, and we can only supply 
onr preeeut conBumptiDn by vorking deeper and less 
productive or more costly deposits. As the market 
price of any coinniodity is regulated by the Talue of 
the moat costly portion of it, we must look forward to 
continuous inureaeo in the price of coal, and the eoa- 
Bcquent Btarration of the industrios most dependent on 
cheap coal. It is commonly supposed, and poBitively 
stated, that tho manufacturing eupremncy of Great 
Britain is duo to her coal-fields wid other mineral 
treasures. While fully admitting that for the manu- 
&cture of pig iron an obnndant Bnpply of cheap fnel is 
indispeusahle, I cannot conclude this sketch of the 
most voracious of our coal-consuming indnstries with- 
out a protest against the fallacy of attribating onr in- 
Idustrial suocobh to coal or ironstone, or any other 
mere mineralogical or geographical accident. 
It is not British minerals, but British indnatri&l 
energy which haa given us our industrial supremacy. 
It is not true that ne are so exceptionally rich in 
coal. Many other nations possess vastly greater stores 
than ours ; ' hut whilo theirs has lain buried under 
thoir feet, ours have been brought to the surface and 
wondiously used ; to such an extent indeed, that we are 
actually approaching the limits of our supply before 
other and older peoples have tapped theirs. 
1 know of no single laet of human history more 
expressive of the dominant energy of one particular 
; 



* The reader ma; obtain fnrUier infannaiion on tbia snbjeot 
from an article on ■' The Limits of our Coal Supply," wliioh I 
oontributeii to the ' Quarterlj Jonrnal ot Science ' of July, 1873. 
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race than the eomparntive cunilition of onr coal-fields, 
and would suggest to those who fear that Bi'jtiah 
prosperity will collapse as they become eshaustecl, the 
concluBion, that the same energies which have thus 
seized upon and utilized the rudest source of power 
to supply the coareer wants of ourselves and the rest of 
mankind, will, if properly directed, similarly turn to 
• account the more refined and recondite energies of 
nature which science is revealing, and which will sup- 
ply in like manner the higher wants of more advanced 
civilization. To succeed in this wo must propai-o at 
once, by affording to all claKses the largest attainable 
amount of knowledge of the raw materials and powers 
of nature ; of human means of turning these to profit- 
able account ; of the social organization in the midst 
of which wo live, and by which we are able to co-operate 
industrially with each other and all the peoples of the 
earth ; and, above all, of the individual moral qualities, 
habits, and attainments that are neoessarj for each 
man's industrial success. 

Give us this education, and wo need not fear the 
gradual exhaustion of onr coal-fields. Quoting a 
reoent conversational remark of a great economist, I 
may say with him that " it is not qnite desirable that 
England shoulil always bo the eoul- cellar of the 
world." There is plenty of better work demanded, 
and every reason why Englishmen should do it. A 
ton of iron made into rails is worth about 10/. ; the 
eight of chronometer springs is worth many 
thonfiondg of pounds. In such a case, for every pound 
alue due to the coal and ironstone, a thousand is 
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added by human skill and labour. With imported pig or 
bar iron we may still be great iron-workers, by leaving 
the ruder operations to others, and doing the higher 
work at home. 

The gradually increasing scarcity of our coal may 
thus, if we rightly use its warning, urge us to higher 
efforts, and a greater degree of prosperity than the 
mere abundance of raw minerals could possibly afford. 



Br J. Arthcr Phillips, Mem. Inat. C.E^ F.G.S.. F.C.S., &c. 

Of the mctnils employed by the ancients for the 
mannfactuio of tools, weapons, domestic vessolB, anil 
coins, copper appoore to have been the most important. 
ThiB is amjily proved by tho writinga of the earlier 
historians, whilBt the vast number of implements and 
other relics wUicli have come down to us from pre- 
hietorio times, induce us to believe that there was a 
period when copper with its alloys was almost the 
only metal in general use ; though it is quite possible 
that iron may also have been employed, since, owing to 
its perishable nature, objects made of it would be more 
speedily destroyed by osddation. 

Considering, however, the amount of metallurgical 
skill required to make defiuito alloys of copper and 
tin, or copper and zinc, it appears probable that the 
first copper was not bo alloyed, but merely detached 
from pieces of native metal, and subsequently fashioned, 
by hammering and grinding, into the required forms. 

Copper obtains its name from the island of Cyprus 
and is distinguished by Pliny iia ./Es Cypriti'm, or 

Kioppcr ; but by degrees the substantive was 
md tho metal known as cyprium or cuprium, 
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from which our word copper is derived. According 
to Pliiiy, two aorta of copper were exported irom. 
Cyprus : oae called Ooronarfum, wliich, when reduced 
to thin loaves find tinted with the gull of an ox, had 
golden colour, and was used in the manufacture d 
tinsel oniaments ; of the other, termed regjdah 
description is given, excepting that, lika the last, it 
would boar hammering, and could cousequently bo 
made thereby to take any desired form. 

It ia probable that much of the copper employed ia 
prehistoric times was obtained from scattered pieces 
of the native metal, such as are frequently found at 
the present day in the district of Lake Superior 
though the cutting up and removal of a large mass of 
native copper would require a greater amount of skill 
and better tools than the smelting of some of \hk 
simpler ores. 

Ancient copper mines, discovered on the ahorea 
Lake Superior, show that the search for this metal vi 
prosecuted with considerable skill and perseverance. 
Throughout the whole extent of that region from Ke- 
weenaw Point to a congiderahle distance beyond thoi 
Ontaaagou, and even on Isle Boyal, numerous excava- 
tions for the purpose of procuring copper have been 
fonnd, which must evidently have been made at a 
remote period. 

Some of these workings are on a very extensive scale; 
in one instance attaining a depth of 60 feet in the solid 
rock. The principal tools discovei'cd in them were the 1 
so-called atone hammers, or small rounded boulderi' 
a groove cut around them for the purpose of 



attacMng a handle. These were accumnlated in great 
quftntitieH in some of the worlrings, tugether with a few 
copper tools ; and mingled with them were conBidcrahle 
qnantitiee of charcoal, iatlieating that the method of 
attacking the rock by fire waa lesorted to, as is still 
the case in some parts of Europe, Unfortimately, 
there are no remains of either dwellings or of boiial 
places, which might ' serve as a clue to the race by 
which the work was eiecuted. 

The Indiana at present inhabiting the district have 
no traditions relative to copper mining in the region, 
and have no idea how or by whom tho work was accom- 
plished. 

All the older writers appear to have nsed the terms 
bronze, brass, and in a few instances copper also, as 
synonymous, much as wo now speak of brass guns and 
btasa coinage, but which should more correctly be called 
hrome, a term now only applied to alloys of copper 
with tin, brasg being an alloy of the former metal with 
zinc. The brass montio&od in ancient writings con- 
aisted in most ci^es of an alloy of copper and tin, 
although, where we road of brass being "molten out of 
the Btpne," or "out of whose hills thou mayost dig 
brass," we may eoncIuJo tbat an ore of copper is 
allnded to. Nevertheless, there can bo no doubt that 
the raanufactnie of true brass was well understood by 
the Bomans. 

Much discussion has arisen with regard to the com- 
position of tho alloy known as orichaleum, which was 
greatly valued by the ancients on account of its fine 
colour, in sonio cases difficult to distinguish from that 
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of gold. It seems probable that loaiiy of tbe yellow 
alloys of copper were iuuluded under this title ; bat 
Festus, in an abridgment of a work of tbe time of 
AnguBtus, ehowa that orichalcum was zine-brase, sinco 
be states that cadmia was an earth wMcb, when tJirown 
upon strongly heated copper, produced orichali 

This is intelligible, when we consider that if an ore 
of zine, such as the carbonate, bo thrown upon coppet 
at a temperature below its fusing point, i 
of carbon, zinc is reduced to the metallic state and 
iustantly absorbed by tbe copper, tho product being 
braes. 

A process of this kind, known as tho calamine bran' 
process, was described in tbe early part of tbe eleventb 
century by Rogorus tho monk ; and this is practically, 
tbe same as that whioh, under the some name, was' 
in use in this country until within about fifty years of 
the present time. This method consisted i 
a mixture of calamine end gronulatod copper with coks 
dust in ctnoibles, to a temperature somewhat short o 
the molting point of copper ; tbo reduced zioo i 
absorbed, and the alloy is obtained in a state of fusion, 
its molting point being cosBidcrably lower than thaft> 
of unalloyed copper. Aristotle also informs na that 
tbe MoEsynieci anciently prepared a brass of pole- 
colour by mixing copper, not with tin, but with a certain' 
earth, doubtless identical with tbo cadmia of Fliny,. 
who, however, appears to have also applied this term. 
to an ore of copper. 

The following analyses of coins made some yeoHTi 
L quce in tes conjicitur, ut fiat oricbalcnin," 



since by the autlior, show the proportions of the con- 
stituents employed in the manufacture of brass at times 
both preceding and closely following the Christian era : 

Dile. CoppiT, Zinc. Tlu. Lend, Imn, 

Large brass of the Cna- 

siafumilf .. .. B.C. 20 8228 17-31 — — -35 

Ditto of Nero .. ., a.d.60 8107 I7-B1 1-05 — — 

Ditto „ TituH .. .. „ 79 SS-Oi 15-84 — — -50 

Ditto „ Hftdrian ,. „ 120 85-07 10-85 1-U 173 -71 

Ditto „ Faufltina .. „ 165 79U 6-27 4-97 9-18 -23 

It will be seen that copper and zinc were the essen- 
tml constitnents of the alloys examined, but that lead 
WRS sometimes present in considerable quantities, 
together with tin and iron ; the presence of the latter 
being probably due to the impurity of the materials 
employed. 

Although zino occurs in auch coDBiderablo quan- 
tities iu these alloys, it was not known in the metallic 
state until about the thirteenth centnry, when it was 
described by Albert of Bollstadt. 

Many analyses of ancient artiolea of bronze have 
been made, and onr knowledge of this alloy is consider- 
Ably greater than of the alloys of zinc. 

The proportion of the constitnent metals was varied 
Mcording to the purpose to which the alloy was to be 
applied, as will bo seen from the following analyses; 
the hardness being modified according to the propor- 
tion of tin present. The hardest alloys containing 
the largest amount of tin were nsod for mirrora, 
whilst those of medium hardness were used for the 



BRITISH MASUFACTURING ISDUSTEIE3. 
tnanufacture of sword-bladea and other cntting instrik- 



^ 



I. RoBuid A«, ttc. BOO .. ,. 6»-efl Ml arsa 47 57 J.A.PldlUp» 

The thiril Bpecimen in the above Table ie especially 
worthy of attention. It was anftlyzeii by Dr. Percy, who 
describes it as a amall casting in the shape of the foreleg 
of a bull, forming the foot of a stand, consisting of a ring 
of iron supported upon three bronze feet. AlongitndinaJ 
section disclosod a central core of iron, around which 
the bronzo had been cast. It is difficult to judge 
whether this was done for tho purpose of economizing 
bronze, iu which case iron must havo been far more 
plentiful than has been generally supposed, or to give , 
strength to tho tripod and enable it to anatain a cDa- 
siderahlo weight. The latter seeroB the more prolnble. 
conjecture, the stand having perhaps been employed ta 
support a heavy cauldron. 

Some writers, in order to account for the immense;, 
masses of hard atone wi'ought by the Egyptians, have 
supposed that they possossod some means of hardening 
brouZQ to a degree equal, if not superior, to that of 
our steel ; this, however, requires confirmation, since 
no remains of bronze of this hard variety have ever 
been discovered. Indeed, Wilkinson found a chisd at 
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Thebes, of whicb, thongh he believes that it was used 
for cutting granite, he says, "Its point ie instantly 
tnmed by striking it against the very rock which it 
wae used to cut ; and yet, when found, the snininit was 
tnrned over by the blows which it Lad received from 
the mallet, whilst the point was intact aa if it had 
recently left the hands of the smith who made it." 
This shows that copper tools, if used at sJl for the 
cutting of such material aa gi'anite or porphyry, muBt 
have required very frequent sharpening. 

Our knowledge of early mines worked for copper is 
exceedingly scanty, although from the magnitude of 
such works as the Colossus at Bhudea, we may infer 
that they must have been of considerable extent and 
inportance in order to have j^elded such large quan- 
tities of the metal. 

Aa far as this country is concerned, copper was 
raised in Cumberland in the thirtecuth century, rich 
veins of ore being worked at Keawick in the year 1250. 
A charter granted to this town by Edward IV., aj). 1470, 
proves it to have been, at that period, the seat of exten- 
sive copper works. Ecton Hill, in Staffordshire, also 
produced copper ore long before the era of copper 

ning in Cornwall, where systematic explorations for 
the ores of this metal were probably conuaenced about 
the year 1700. The Parya mine, in Anglosea, ia said 
to have been opened by the Eomans, and become 
exceedingly productive in 1773. During the twelve 
succeeding years it yielded such large quantities, as to 
materially reduce the price of copper throughout 
Europe. 
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Tliat nothing was known of the large depoBite d 
coi)i>Qr ores in the United Kingdom iu the reigns oj 
HoDry Vm. and Edwivrd VI., is shown by the Acte ol 
Parliament poaBed during those periods for preventij 
the exportation of brasa and copper, " loet there ehonlj 
not be metal enough left in the kingdom fit for a 
guua and other engines of war, ajid for honsehol 
ntensils." Bven ae late as 1708 it was evidently bd 
posed that ores of zinc were &r more abundant in tl 
country than those of copper, from the following clausa 
in a petition &om the bi'ssa manu&ctniers to the House 
of Coromone ; " England, by reason of the inexhanstibia 
plenty of calamine, might boeome the staple of braag. 
munufactnre for itself and foreign parts; and the con^ 
tinning of brass works in England would oc 
plenty of rough copper to be brought in," 

Until within a comparatively recent date Englancl 
stood pro-eminent for the production of copper ; diirin| 
one hundred and twenty-six years, ending 1851^ 
Devon and Cornwall alono producing 7,184,305 ton^ 
which realized 50,964,3881. sterling. The quantity d 
copper ores raised in vai-ious parts of this oountry, i| 
187i, was as follows : 
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Recently great qn&ntilies nf copper oi« haTS 
nlitnined ^m Aostralia. whore large deposits of 
carbonates and oxides, &c., are fonnd. The Ifilaad 
Cuba has also produced it iu abnnclBJice ; bnt 
Riipply from this locality, as well as from the once 
ftiniuuB minea of Burra Bnrra, in Sooth Australia, has 
latterly greatly fallen ofE Few comitries, if any, yield 
n larger annual amoniit than Chili, thoogb we are 
unfortunately not in posseasion of aecorato statistics 
of the production of South American mines, la 
North America, the district of Lake Superior is exceed- 
ingly rich in native copper, which, in some i 
been found in masses of over 100 tons iu weight, too 
large to remove, and roquiring to be cut into managd- 
able blocks by menns of hammerand chisel. Within the 
last twenty years a considerable qnantity of cupreons 
iron pyrites has boon imported into this coontry &om 
Spain and Pottagal, The eulphnr present in 
mineral is employed for the manufactnro of snlphi 
acid, while from the residue, copper is eitrooted \tf' 
the wet procoSB, hereafter described. During the year 
1874 the imports of this ore amounted to nearly 600,000 
t(ms, most of which was raised at the mines of San 
DomiugoB, in Portugal, and at Tharsis, in Spain, In. 
1>oth these mines old workings have been discovered, 
with tools, sandals, coins, and other remains, proving 
tlinl thoy wore worked by the Eomons, 

In addition to the copper sent into this country 
(Suproous iron pyrites, a considerable quantity of ore, 
too poor to pay for esportation, is treated at the mineK 
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|L by a humid proccBa, the resulting copper precipitate 
bemg sent to ^glaud to be smelted. 

The copper obtained from the celebrated Ectou 
Mine, in Staffordshire, already referred to, was amelted 
ftt the village of Ellaston, neat Asliboume, probably 
in the early part of the seventeenth century, since 
Plot, writing in 1C86, informg us that the mills at 
EUaaton were dismantled when he visited them. 

Copper smelting appears to have been carried on to 
a limited extent during the Inat century in Yorkshire, 
works being mentioned as existing at Middleton Tyaa 
about 1750. In Lancashire smelting was commenoed 
about 1717, and works erected near Warrington, which 
were abandoned towards the close of the century. 
Others were then established at St. Helens, and lasted 
until about 1313. No copper smelting appears to 
have been carried on in Lancashire during the next 
twenty years, when works, which are still in operation, 
were established at Sutton and fiavonhead, near St. 
Helens. 

No place in Great Britain now produces annually a 
larger quantity of morchastablo copper than S^TauGea. 
Copper works do not, however, appear to have existed 
there prior to the year 1720, although smelting was 
carried on at Neath at least a century before. 

Several times during the last century unsuccessful 
attempts were made to smelt copper in Cornwall, but 
at the present time there are no copper works in that 
county. From the writings of Prjce and others, it 
appears that the Cornish miners attributed their failure 
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to conspiracy on the part of tlie SwanBea smelters; 
liut it wftB moFB probably due to the fact, that the ores 
could be more profituhly treated ia Wales, where tnel 
was much lesa cxpeoBive. 

At the present time the EngliEh industry of copper 
smelting is chiefly carried on in South Wales and in 
Lancashire. 

Obes op Coppbb. 

Comparatiyoly few of the copper minerals are of 
much importance to the metallurgist, by far the largest 
proportion of this metal annnally produced by the 
world being obtained from copper pyrites. 

Natitb Coppbb [Oediegea Kupfer ; Cuivre natif) is 
cubical, ocGura crystallized in octahedrons, sometimes 
modified, lamellar, filiform, or arborescent, and has a 
Bpecific gravity = 8'83. No Imown locality produces 
Buch large quantities as the region of Lake Superior, 
where it occurs in veins interBecting trap rocks, 
&eq^uently associated with metallic silver. In small 
quantities native copper is of Sequent occurrence, hot 
except in the region above mentioned, it is not of much 
importiuice as an ore. It is generally remarkable for 
great tonghnoae. 

OcvBnB {Bed oxide of coj^er; £oih Kupfererx ; Cuivre 
oxydvlPj — composition Cu^O— is cubical, generally in 
cubes and octahedrons, of a luby-red coloor, with a 
specific gravity = 6, and contains, when pure, 86'80 
per cent, of copper, 

Mklaoonitb (Black oxide of co^er ; Eup/erechwam ; 
Cuivre oxyd& noir) — composition CuO — is cabiotl; 



Tuely found eryetollissed, bat more commonly earthy ; 
is maaaive, or pulvernlent, ofibrdiDg, when pure, 79 ■ 82 
per cent, of copper. 

Malaohitb ( Green carbonate of copper ; Berg- 
griin ; Cuivre carbonale vert) cryBtallizea in the obliciae 
flystem, the cryatftia being often very complicated; 
ocomrs more frequently masaiTe or incmsting, the sur- 
face being botryoidul or stalactitic. Specific gravity 
= 3-7 to 4'1. Its composition is CaCOa, CnHjOj, 
yielding, when pure, 57 "33 per cent, of copper. This 
mineral frequently occurs near the surface, is veins 
producing sulphides and other ores of copper, and 
boB probably been derived therefrom by atmospherio 



AzuBiTB {Blue earbonate of copper ; Lasarit ; Cvivre 
earhonale hleu) — composition SCuCOj, CuHjOj — erya- 
tallizeB according to the oblique system, and also occurs 
maesive. Its specific gravity is3'5to3'81; contains, 
when pure, 55'16 per cent, of metallic copper. It 
occurs largely in South Australia, and was formerly 
found at Chessy, near Lyons ; and is hence sometimBS 
called Cheasylite. 

Chalooptritb (Copper pjMies ; Kupferkiee ; Caivre 
pyrileux — composition Cu^S, Fe^S,)— is prianntio, 
often in hemihedral forms, though more commonly mas- 
ave, with specific gravity = 4 ■ 2 ; containing, when pure, 
34-81 per cent, of copper. This, which is the moat 
important ore, rarely contains, as sent to market, mora 
than 12 per cent, of that metal, and frei^Qently less. 

BoKKiTB {Purple copper ore ; Bjinlkupfererz ; Outvr 
ifaaaeb^ crystaUizes in the cubical system, and li 
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Bpeoific gravity = 4-4 to 5'fi. Its compositioo varieB, 
sometimes 3Cii,8, FejSg; copper firom 50 to 70 per 

Ohalcooitb {Grey Butphide of copper ; Kapfergtanz ; 
Cuiere vitreax) is prismatic, and of specific gravity 
6'7; its composition is CaS, yielding, when pure, 
79'70 percent, of copper. 

Tbtiuhkdbitb (Fahlerz). The composition of this 
)re is extremely comploi and variable, consisting of 
Bulpbido of copper with solphidos of antimony, atsenic, 
bismuth, silver, mercnry, iron and zinc. 

In addition to the foregoing the following, chiefly 
• interesting to mineralogists, may be mentioned : 

CaBVSOOOLLA, 11 hydrated silicate of copper, 

Ataoamitk, a hydrated osychloride of copper. 



I 



In order to ascertain the commercial value of an ore 
it is necessary to determine hy a trial on a small scale, 
called an assay, tho percentage of metal which it con- 
tains, as well as the presence or absence of any 
deleterious substances which might either render 
the extraction of the valuable metal difScnlt, or 
BO deteriorate its quality as to afiect its market 
price. 

Cornish Method. — By this method the metal is first 
concentrated in tho form of a regulus or sulphide ; 
formerly even the copper present in oxides and car- 
bonates was obtained in this form, hy addition of 
sulphur. It ia now more usual with oxidized 
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omit processes 1 and 2 of the following Table, 
whicli repreaentH the eeriee of operations commonly 
Srdopted. 

1. Fusion for Eegulus. 3. Fusion for Coarse Copper. 

2. BofiBliDg the Regains. 4. EeHniDg. 

5. Cleaning the Slags. 

1. Fumoa far Segulus.—T'hs ore, if containing con- 
siderably more sulphur than is scceBSory for the 
formation of a sulphide with all the copper present, is 
either previously roasted, or nitre is added to the 
fasion in order to expel the excess. By this means the 
regains obtained is not so largely contaminated with 
iron, a portion of which being deprived of its snlphnr 
becomes oxidized, and passes into the slag as silicate 
or boro-silicate. In cases where the snlphnr preeent 
in the ore is insufficient to form a good regulua, 
powdered sulphur is added with the other flnses, con- 
sisting of borax, glass, lime, fluor-spar, &c. The pro- 
portion of these added must be such, that the button of 
reguluB may be readily detached from the slag without 
breaking. 

The quantity of ore taken for assay varies from 200 
to 400 grains, according to its richness. 

2, Boasting the Rerjulus. — Tho regulua obtained in the 
foregoing operation is, after being detached from the 
slag, ground very fine in an iron mortar, and placed in 
a small crucible over a gentle fire ; sulphurous acid is 
evolved, and the ground regulua is kept continually 
stirred with an iron rod to prevent clotting. Towards 
the end of the operation, which must he continued 
so long as any trace of sulphurous acid is evolved, 
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^^H tbetemperatureisconBiderabljincreaBed. Theruasting 

^^H usually occupies ^om twenty minutes to half au hour. 

^^F 3. Fusion for Coarse Copper. — The chief reagent 

I employed to reduce to the metallic state the copper 

contained in the ronsted regulue, is a mistare of tartar 

and nitro, tLe tartar boing in exceEB of what ia necessary 

to form carbonate of potash with the nitre. Other 

substances are, however, usually added, some assayers 

employing buiix, others glass, carbonate of soda, or 

common salt. The product of this ojieration consists 

of a button of coarse copper, containing iron and other 

impurities. It is generally convex on the upper surface, 

and when nicked with a chisel breaks " short " on 

being struck ; the fracture is fine grained, dull and 

greyish or orange in colour. 

4. Eejininff. — This process is conducted in the same 
crucible which has been used for operation 3. The 
flux employed is mndo by deflagrating a mixture of 
three volumes of tartar, two of nitre, and a small 
quantity of common salt. 

The crucible is placed in the fire just beneath the 
junction of the two tiles, forming the cover of the 
furnace. When it has become bright red-hot, the 
button of coarse copper is dropped in, the furnace is 
nearly closed, and the progress of the assay watched 

■ through the crevice between the covering tiles. The 
metal is speedily fused, and at first appears dull from 
ft covering of metallic oxides, hut afterwards exhibits 
what is technically known as the " eye," that is, dear 
bright edges with a dark variegated centre. On the 
appearance of this, a small quantity of refiniug flux in 



COPFEJi. 93 

projected into the crucible from a copper ecoop, and 
after tte lapse of about two minutes the contents of 
tha crucible are poured into a mould. The button is 
covered with a grey or flesh-coloured alag, from which 
it reodilj separates. 

The copper button, if "fine," that is, free from 
impurities, is more or less flat and coated with au 
orange-red film, the copper being tough, breaking 
with difficulty, and eshibiting a silky fracture. Moro 
commonly it contains a considerable quantity of oside, 
and has an indentation on ita upper surface ; its 
fracture is then granular and it haa a purplish colour. 
If the button presents the appearance of course copper, 
it is not eafSciently refined, and must a second time 
be subjected to this process. When over-refined, the 
Burfaco of the button is coated with a crimson film, 
and a considerable quantity of copper paeaee into the 
filag, to which it imparts a red colour ; in this state 
it is said to be burnt. The process of refining is 
simply one of oxidation ; those metals more osidiz- 
able than copper, such as lead, irou, and zinc, being 
acted npon, separate from it in the form of osides. 

S. Cleaning ike Slagg.— The slags obtained in pro- 
cess 3, and which have been preserved, together with 
those from the laBt process, are i-oughly ground and 
mixed with tartar or charcoal. This mixture is fused 
and poured into a mould. When cold the slag is 
crushed, and any small shots of copper, known as 
"prills," picked out, and, if necessary, refined. Their 
weight is added to that of the principal button. 
^^^Thia method of aasaying affords considerably lower 
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Teralts tlum wiy of the bimud proccEses ; the deficiency 
Toryug gn»tly with the natniQ and richnees of the ore, 
and being pruportioiutelj mnch gremter od poor ones. 

Wbt Aasii. — The liunid methods are more correct 
and expeditions th&n fire assay, and, moreoTer, &r 
leas skill is required Id conducting them ; bnt not- 
witLstuiding this, ores are invariably bought and sold 
by dry assay. The only advantage which has been 
pnt forward for this method is, that it gives the 
■meltera ua idea of the quantity uf the copper which 
will be lost in smelting, and of the quality of the copper 
vhich will be produced j the process consisting esson- 
tinlly of the same operations, on a small scale, ae are 
wrricd on in copper Bmeltiug. 

For the humid assay of copper many processes have 
been devised, but space will only permit me to describe 
that in which cyanide of potassium is the chief reagent 
and which is now generally employed. 

The standard eolation is prepared by dissolving 
about 126 grammes of what is known as photographic 
eyanido, in 2i to 2^ litres of distilled water. The 
sotutiuu IH then standardized in the following manner : 
Two piooes of pure electrotype copper, weighing 
fniui 'Q til '75 gramme each, are placed in separate 
flitHkti, and dissolved in dilute nitric acid ; the solu- 
tion in boiled to cxpol nitrous fumes, and diluted to 
about a ijuorter uf a litre. Ammonia in excess is then 
addud tu uauli solution, when a fine blue colour is pro- 
duced. A burette capable of holding from 50 to 60 
oublo oontimetrus is to be filled with the cyanide soln- 
Haa to tha Bppwmoat division. 
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As sooa as the copper aolntioa is quite cold, cyanide 
is gradually run into it until tho blue colour is dis- 
eliftrged, when the number of oubio centimetre divisiona 
of cyonido which have been used is read off. The 
•olntion of tho second pieco of copper is proceeded 
with in precisely the same manner; from the data thus 
obtained the amount of copper equal to 50 cubic oenti- 
metrea of the cyanide solution is calculated, the mean 
of the two results being taken. 

This standard solution is somewhat liable to decom- 
position and requires to be restandardizod every few 
days ; it should be kept in green or blue bottloR, mode 
of glasH free Irou lead. 

A weighed quantity of the oro to be assayed ia now 
placed in a beaker or flask, moistened with solphurio 
acid, and strong nitric acid added ; the whole ia then 
digested at a gentle heat, moro nitric acid being added 
ficom time to time, until red fumee of nitrous acid ceaao 
to be ctTolved; and in some cases hydrochloric acid is 
kbo added. 

Tho Hdntjon is considerably diluted and escess of 
ammonia added ; the ferric hydrate which ia usually 
I>recipitatod may be disregarded. When tho solution 
has become cold, the cyaiiiii: snlutioa is cautiously 
added, the copper solutiou being stirred from time to 
time, until the colour is discharged, with the escep- 
tion of a faint lilac tint ; the number of divisions 
required to produce tbia effect is noted, and &um 
the standard the percentage of copper may be readily 
calculated. 

The presence of silver, nickel, cobalt, or zinc, renders 
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thii pi o a wi uitli Mlmrthy, bbIob aone nprrkl n 
for tbojr aepftntion be adopted. 

iStlerr Baf be got rid of I7 tbe rnddition of a Uttis 
hydroohloric Kcid to tfae sohitiiNi sad its snbBeqasnl 
filtration, when the chloride of ailTer remaii 
tlio filter, whilst all the copper pMffiea tbrough H ta 
wilntiun. 

Zine, Nickel, or Cobail, when preecnt, may be separated 
by prcwi pi luting the copper in acid solntioii, either bj 
iinmorKiti){ a piece of clean iron into it, or by pasaing 
Rulphitrctt^d hydrogen throngh it. In the first caa 
oopper iff throwu down in the metallic state, and ii 
■ooond as sulphide ; in eithorcaee,the zinc, nickel, or co- 
balt romaios in eolution, and the jtrecipitate is collected 
and wncihod, and afterwards disHtlved in nitric acid, sod 
eitiniatod by cyanide of potassium in the nsual way. 

In uHHaying ores coDBietiug chiefly of sulphides, it 
will lie prefurahlo to eliminate some of the sulphur 1^ 
oaluiuatitin. B'cr this purpose a weighed quantity it 
ploaod in a porcelain dish and heated over a goe-bunu 
or In a miifite furnace, the ore being stirred with a 
iron wli'o during the roasting; the residues are treated 
with ftoidx, and the assay conducted as before. 

Tliis proDOBs for the ostimation of copper is capabla 
iif affording eioeediiigly good results in the hands rf 
an iixporieuoed assayor, more especially if the ore ope- 
ratiil on bo not very rich. This method is best suited 
for tlio BUHuy of ores or slags containing from one to 
Boven pur cent, of copper, altdiough richer ores may be 
treated by Jilutiiig the cujircous solution and operating 

a measured quantity of it. 
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ICopi^n SsiKLTiNo. 
Ejigiiih Method, by mcana of which a very 
la^e proportion of the copper annually produced 
is extracted from its ores, coaaistH usnally of six 
diBtinct oporatione, which are conducted in reverbera- 
tory fumacos of two cluBaes, termed respectively col- 
ouing and melting fumacoB ; the fuel employed being 
a mixture of binding and free-burning coal burnt on a 
oliuker bed. To the mixing of the ores which are to 
be emelted together great attentioa must be paid ; thei 
mixture should bo neither too poor nor too rich in 
copper, but should cootain from 9 to 13 per cent, of 
that metnL 

After calcination, the mixture ehould be capable of 
being foeed without the aid of fluxes, and should yield 
a clean and readily fusible slag ; the regulus or matt 
obtained in this first fusion ought to contain about 
30 per cent, of copper, 

1. Calcitiation. — Having obtained a suitable mixture 
of ores, it is subjected to calcination in a reverberatory 
fumflce, of the form represented. (Figs. 1 and 2.) 

This furnace is built of common briek, but is pro- 
Tided with an internal lining of fire-brick, indicated 
by the close shading. At one end ia the fireplace (a), 
the bars of which are supported upon two bearers; 
whilst a third bearer serves as n support for the bar 
used in breaking up the clinker bed. The fire-bridge 
is trBversed by an air channel (i), communicating with 
the interior of the furnace by the orifices (c). 

The charge is introduced through three opcniiigs e 
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the ftrcb, which arc cloeed by cjut-ircHi pUtea 
during working ; and the^ are fitted with hoppers of 
ahoet iron if). On each side of the bed, which ii 
sro three doors (i), and cloee to these are the opei 
{g), through which the c&lcined ore is raked into arched 




Ore Calciner. 



vaults (h) beneath the furnace, which are made 
oommunioate with the chimney, in order that any 
BuIphurouB (icid evolved after drawiug may be carried 
off, The (oificee (if) are closed daring the working of 



Ihe furnace 
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ihe furnace by fire-tilea placed over them. Between 
the doore ou either aide brick projections are built, 
jto prevent any aecumnliition of the ore, where it could 
.not be reached by tlie rake. At the end of the furnace 
'remote from the fireplace a fine (V) comnnmicateB with 
■the stack (ni). The whole Btmcturo requires to be 
Strongly braced togethoi by upright and traneTerss iron 
'bars. 

The charge for a calciner of this description is 
about 3 tons, which is spread evenly over the bed. 
The temperature is then gradually raised, and the 
charge stirred at intervals, in order to bring every part 
of it into contact with the air which enters through 
the doors and also through the channel in the fire- 
bridge. During calcination, the temperature should 
never bo allowed to become sufficiently high to cause 
a clotting of the ore. The time occupied by this 
operation varies, according to the nature of the ore, 
' &om twelve to twenly-four hours. When completed, 
the ore is drawn through the holes {g) into the vaults 
below, and should then have a prevailing brownish- 
black colour. 

At the present time, owing to increase in the price 
of labour, fuel, and other materials, it is necessary to 
conduct the operations of copper smelting with great 
economy, and it is therefore usual to roaat the misture 
of ores in a muffle furnace, the fuel employed being 
.gas generated in Siemens's producers. The furnaces 
[are supplied with Siemens's regenerative apparatus ; and 
'in order to ensure that the choi'ge shall be thoroughly 
ud equally heated, a fire-bridge is placed at each end, 
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and an arrangoment made b; 'wMob the draught is ' 
reversible, and the gas can be introduced at eitbar 
end of the furnace. 

By the use of a mu£Bo furnace, contact between tl 
prodncts of combustion and the aulphurons scidH 
(iTolved from the ore is avoided, and the latter if 
verted into Buljihuric acid, and condenBed in leaden ' 
chambers in the usual mannGF. 

The old form of reverberatory roasting frnnacfl 
allows the sulphurous acid and smoke to escape ii 
the atmosphere together, thus causing a great loee fi 
sulphur, and at the some time an intolerable nuiaiuioe{ 
to the neighbourhood in which the copper works u 
situated. 

2. FueUm of Calcir^d Ores for Coarse Metal— 
calcined ore from process 1 is fused in a meltii 
furnace, with slag obtained from the ore fnmace iil| 
operation 4, and known as metal dag ; the prodncti 
being regnlna and slag. The melting fiimace em-' 
ployed is represented in Figs. 3 and i. The bed ib 
built upon an orohod chamber fa) extending from the 
fireplace {&) to tho opposite end of the fnrnacs. On the 
top of this oroh a flat platform of brickwork is built, 
and on this is constructed tho bod itself, which consists 
of sand hollowed out so as to form a shallow oval 
cavity, which inclines from all sides towards the tap- 
hole ((■), The bed is prepared by distributing over tha 
platform, before referred to, a layer of sand about 1 foo 
thick, which is then strongly heated, and a layer a 
metal slag spread over it. This, on melting, forms d 
ticment which solidifies the sand. 



a. second layer of a few iacbes of sand is then spread 
a tiie surface, and another stratum of glag melted 
n it ; tbeee altematioua of Blag and Bond being 




Kig. 4— HoriEontal Sectipa on Iho line A E. 

sd, ontU a thickness of about 20 inches ] 
tieen attained, 

The charge of ore is introduced through a hole ii 
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tbe roof, funuBbed with a hopper (d), cloeed b; a eluling 
lilnte. The opening (e) at tbe end of the farnace eeira 
biitli for tlie introduction of tbe slag, which forms part 
of tliG charge, and for the removal of that whi< 
remains at the conoluBion of the operation. Fool 
introduced through the ori£co (/) into the fireplace (A). 
This opening baa no door, but ie kept cloeed by a 
of small coal. Two melting furnaces are nsnally con- 
nected ivith one stack by means of fines, as shown at 
lu some cases, however, each furnace has an inde- 
pendent stack. 

Tho interior of tlic furnace is composed of fire-briok, 
indicated in tho figures by dork shading, whilst tbe 
outor portions aro built of common brick ; the wholfl 
structure, including tho stack, being firmly braced 
together by iron bars, 

Tho operation of melting is conducted as follows 
Tlie tap-hole is stopped with a mixture of clay and 
sand, and tho calcined ore introduced through tha 
hopper (d), and spread evenly over tho bed ; metal slag 
is then thrown in through the opening (e), when the 
orilicoB are closed and tbe fire is made up. In about 
fivo hours tho charge should bo melted: it is 
well rabbled, and tho slag drawn off through the sni 
door into a sorios of rectangular moulds (i). The eon- 
sistency of this slag is a matter of great importance, 
sinoo, if too liquid, it may not be easy to distinguisli 
between the slag and tho regulus beneath ; and if too 
thiok, some rogulus may be drawn off with it. 

Tho fllay wlicii cold is taken from tbe moulds, and' 
any rogulus which it may contain and which will 
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L ndxdded to the bottom ie detached and mixed with 
that in the faiuoce ; the elag iteelf being thrown away. 
The rcgnlaB is allowed to remain until the bed is 
full, and to effect this the furunco has to be several 
timeB recharged ; it ie then allowed to run through the 
tap-hole (c) into a circular brickwork pit filled with 
water. The " granulated coarse metal " which reBultB, 
is caught in a perforated iron bos fitting the inside 
of the pit, which may be raised by means of a crane, 
in order to allow the water to drain off. It has, how- . 
ever, of late been the custom in some copper works 
to omit this granulation, and, instead, to run the coaree 
metal in moulds ; the cakes so obtained, after grind- 
ing, being placed in a furnace similar to that shown iu 
Figs. 3 and 4, and roasted. 

8, CdcmatioK of the Coarse Metal. — If the coarse 
metal has been subjected to granulation, it is next 
calcined during twenty-four hours in a flat-bedded 
reverberatory furnace, similar to Figs. I and 2. When 
granulation is omitted, the cakes obtained by casting 
the coarse metal in sand moulds are sometimes roasted 
dnring the same period in a melting furnace ; the roast- 
ing consisting of keeping the metal liquid, and allowing 
at the same time free access of air. Whichever process 
is employed, the object is the same, viz. the elimination 
of a portion of the sulphur, and the oxidation and 
removal as slag of certain motallio impnrities present 
in the coarse metal. 

4, Melting the Calcined Coarse Metal. — The cal- 
r roasted coarse metal is next fused iu a melt- 
ing furnace, with the addition of copper-producing 
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matarials rich tn the oxides of that metal, euch u 
natural carbonates or osideB of copper, together with 
"roaster" and "refinery filags," produced in the two 
following operations. The prodncta of the melting 
I, should bo a regulus termed ukite or Jine melal, 
W and a slag known as " metal slag," which is drawn 
through tho door in the end of the furnace on to a Baud 
bed, and employed in operation 2. 

When the proportion of oxidized ores added Is too 
small, a coarse regnlns containing iron reenlts, known 
as hliie melal ; if, on the other hand, too large a 
quantity of oiidized ores be added, pimple metai ia 
obtained, owing to too much sulphor having been 
eliminated, and a portion of tho copper reduced to the 
metallic state in consequence. 

White metal is an almost pure sulphide of copper, 
(CujS), and contains abont 75 per cent, of that metal : 
it is, aa a mle, free &om the presence of metallic copper, 
whilst blue metal, which contains a large proportion 
I of sulphur, UHually contains numerous cavitiea, into 
I which fine filaments of copper project Ulie teeth. Upon 
snalyeis it Is found that blue metal posBeeses an amonnt 
of sulphur insufScient to form Cu^S and FeS with all 
the iron and copper present, and it therefore seems 
probable that molten blue metal has the power of dis- 
solving metallic copper, which copper is liberated upon 
tho cooling of the mass. If the copper had existed in 
tho metallic state during fusion, it would donbtless 
be found in shot-like globules at the bottom of the 
mass, and not disseminated through it in the form of 
filamentary and angular fragments. 
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6. Boating the White or Fine MelaL— In this opera- 
tion it ia sought to espel ub completely as possible all 
the salphur contained in tbo rogoliis, and to obtain 
metallio copper tolerably free from impuritiea. To 
efect this, the pigs of white metal are separately in- 
trodnced through a side door in the roaster, and laid 
in their proper position on its bed by means of an iron 
paddle. Tbo introduction of tho charge, which cou' 
sists of from 3 to 3i tons, groatly cools the furnace, 
and as soon as it has all been introduced, the door 
is Inted on, and the temperature kept up so that the 
whole may become fused in from sis to seven hours, 
while free access of air is permitted during tbe opera- 
tion, through orifices on either side of the furnace near 
the fire-bridge; the molten regulus is kept in a state 
of constant ebnllition by the escape of sulphurous acid 
gas generated iu the interior of the mass, where there 
is no direct contact with air. 

This phenomenon, which at first appears difficult to 
explain, may be accounted for by the formation of 
oxide of copper on the suri'ace, which being carried by 
eddies to various depths, reacfa upon the undecom- 
posed regulus in tbe manner expressed by the follow- 
ing equation : 

Ca,8+20aO =4Ca+ SO,. 

Tbifi mntnal reaction ia of great importance in all 
KMsting operations. Towards the completion of the 
prooees the temperature is allowed to fall sufSciently 
low to cause tho charge of regulus to solidify, and the 
surface being thrown np into craters by tbe escape of 
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gaa afforila a large area for ositlation. On remelting 
tlio charge, tbe oxide which boB been formed on the 
surface comes in contact with the undecomposed 
snlphide, and the reaction mentioned above again takes 
place. The products are blitter copper, containing 
9& per cent, of copper, bat contaminated by the presence 
of small quantities of iron, Bnlphnr, tin, antimoDy, &c., 
and "roaeter Blag," which is twice removed from the 
Burface of the regains ; the first time immetliately 
after fusion, and the second previously to tapping the 
blister copper, which is run into moulds of Band. 

6. Befining and Poling.— The famaee employed 
in this operation, which has for its object the oon- 
veraion of blieter copper into & marketable product, 
is similar to a melting furnace, excepting that it 
bas no tap-holo, tho bottom inclines gradually from 
all parts towards the end door, near which is the 
deepest part of the furnace, and on one Bide there 
is a large door. The charge consists of from 8 to 
10 tons of blister copper, which is introduced through 
the side door and melted down ; any slag which may 
be formed is now skimmed off, orifices for the admis- 
sion of air are opened, and the copper subjected to its 
oxidizing action during about fifteen hourB. At the 
end of this time the metal should be in tho state of 
" dry copper," or copper which has taken up the 
maximum amount of suboxide (Cu^O), which it ifl 
capable of absorbing. 

Tho state of tho molten metal is ascertoined by the 
refiner, who from time to time takes out a small ladle 
full, and, from the colour and fracture which it eihibita, 
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1 to judge of the degree of osidatioii. The 
fintil operation of poling is then proceeded with. The 
molten dry copper is covered with a layer of anthracite, 
in order to protect the eurfaco from further oiidation. 
Aftor a short time the end of a green birch or oak pole 
is plnngcd beneath the surface of the metal, and kept 
immersed by placing a prop beneath the end which 
projects &om the furnace. Largo quantities of vapour, 
together with various gases produced by the decom- 
position of wood, are evolved, and the copper is splashed 
about in all directions. 

A small sample is occasionally taken out by the 
refiner, who, from practice, is enabled to judge from its 
appearaaco whether it has arrived at the " tough pitch," 
that is, has become soft, malleable, and of good colour. 
When this ia found to bo the case, the pole is with- 
drawn, and the coal pushed back by means of a rake 
introduced through the end door, through which the 
copper is then laded into moulds by means of wrought- 
iron ladles ; each ladle has a capacity of about 30 lb., 
and is coated with clay by dipping it into a mixture of 
fire-clay and water, in order to prevent the iron being 
attacked by the molten copper. 

It is difficult to state exactly how much time the opera- 
tion of poling requires, since this depends both on the 
state of the fiu-naco and on the quality of the copper. 
As a general rule, however, it is about an hour and a 
half, the lading of the copper taking about the same 
time. In some cases the metal absorbs oxygen during 
the lading and becomcB too dry, and in this case it 
must be subjected to a further poling. On the other 
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liand, Etionld the metal be overpoled, tbe coal ib with- 
drawn from its surface and air admitted. The presence 
of B email proportion of suboxide is neoesBary to the 
formation of tongh cake copper, owing probably to the 
fact that as long as any copper remains as oxide, the 
more oxidizable metola which constitntfi its moat 
common impnritios are not reduced to the metallic 
state, and, therefore, cannot alloy with the copper. 

The state of copper, with regard to the qnantity of 
suboxide contained, may be soeu to a considerable 
extent by the appearance of the ingot. If too large 
an amount of snboiide be present, a longitudinal fur- 
row will be observed on the eurface of the ingot, and 
the metal, which will be of a purple colour, will be 
brittle, breaking with an uneven fracture. An ingot 
of copper at the louijh pilch exhibits a comparatively 
level surface, is broken with difficulty, and exhibits a 
silky fracture with a salmon-red colour. 

lu the overpoled state copper presents a longitudinal 
ridge, in place of the furrow observed in underpoled 
copper; the metal is brittle, and breaks with an 
uneven and orange-colonred fracture. 

When intended for rolling, it is usual immediately 
before lading to add to the charge of refined copper a 
variable qnantity of lead, amounting to a few pounds to 
the ton ; this renders the ingots sound and free from 
air spaces. 

The following Tables show the average composition 
Ket some of the more important products obtained in 
X smelting. 
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When copper of b puiicaUrly pore description 
ia required, as for brass making, the following modi- 
flcation of the procesBos described is resorted to; 
the product being known as " best selected copper." 
White or fine metal is Bubjected to o. partial roasting, 
by which about a quarter of the copper present is 
reduced to the metallic state ; this, passing through 
the mass of regulus, subsides to the bottom, carrying 
with it nenrly all the metallic impuritiea originftlly pre- 
sent in the white metal, but more especially tin. The 
contents of the furnace are run into moulds, and when 
cool the regnluB is detached from the impure copper 
known as "bottoms," which is seat to market as "tile 
copper." In many eases the white metal ie subjected 
to a seoond roaming, by which a further amount of 
copper is reduced, the remaining legulus being roasted 
for " blister copper," which is refined by itselt 

In addition to tile copper, in the form of thin rectan- 
gular slabs, this metal ia prepared for the market by 
being cast into ingots of two sizes, varying from 7 
to 9 lb. and from 14 to 18 lb. in weight, the beet se- 
lected being always made into ingots of the latter size. 
Smaller ones are occasionally made for oKport ; and 
copper was likewise formerly prepared as "bean," 
and " feathered shot," by pouring it in a molten state. 
into hot and cold water respectively, in which form it 
was employed in the old process of calamine brass 
makings it is, however, aow no longer in rec[uest. 






Wet Process foe the Ektraotioh or Coppbe. 

This process is only auitable for the treatment of 
ores of low produce, but hoe witllin tte last few years 
inoreoBod ia uuportaace to an cnoimous extent, owing 
to the great demand for cufireoue iron pyrites in the 
mannfactnre of Bulphnric acid. The ore — ae imported 
into this country chiefly from Spain and Portugal, but 
also from Norway — consists essentially of bisulphide 
of Iron, containing a small percentage of copper. In 
the manufacture of sulphuric acid, the sulphnr is 
expelled, in the form of snlphurous acid, by exposing 
the ore in kil"" to the action of heat and atmospheric 
D^goa ; by this means, where the operation has been 
properly conducted, the sulphur naay be removed with 
tlie exception of about S or 4 per cent. The resulting 
residue or " burnt ore " has the following average 
composition : 
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This IB groimd and passed thFough a. eieve of sixteen I 
holes to the sq^nare inch, and sabjected to calcination I 
with a sufficient quantity of salt to transform all tlifl I 
copper present into cupric chloride. The-caloination is 
performed either in common reverberatory fnrnaces or 
V in muffle furnaces. In the first case, the flame and 

^^^^ products of combustion pass over the bed and ooma 
^^^H into direct contact with the ore ; in the second, the 
^^^V charge is placed in a brickwork chamber, between 
^^^^ which and the outer walls the flame and smoke circu- 
late without coming into contact with the ore. In a 
third form of furnace, the flame passaa through flnes 
beneath the bed, and then passes back over it as in the 
ordinary reverberatory furnace. 

The roasted burnt ore is then treated with hot water, 
^^B by which the copper is almost entirely washed out, 
^^^k and afterwards precipitated by wrought-irou scrap; the 
^^^P residue from which the copper has been extracted is 
^^* employed as an ore of iron. Almost all the silver 
ptesent in the burnt ore passes into the co^iper liquors, 
and unless some special method is employed to inter- 
cept it before the liquors reach the precipitating vats, 
it will be precipitated with the copper. In Olaadefs 
process the silver is intercepted by the addition c^ a 
sufficient amount of iodide of potassium or of some 
other soluble iodide to the copper liquors. In this way 
the silver is precipitated as iodide, which is alloiced to 
collect in the bottom of the tank in which the opera- 
tion is conducted. The desilverized copper solotion 
is afterwards run into the precipitators, and treated in 
the usual way. 
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Mr. T. Gibb has patented a prooeas for estracting 
the silver, by precipitating 5 per cent, of the copper 
present in the liquors by sulphurotted hydrogen, when 
B large proportion of the silver will be found to have 
been precipitated with it. 

Cedcining Furnace— Hhis consista of a flatr-hedded 
furnace, either heated by gas from a Siemens's pro- 
ducer or by an independent fire. The form now 
most commonly employed is represented in Figs. 5, 6, 
and 7. 

TLb fuel used is gaeeons, consisting chiefly of car- 
bonic oxide, obtained by the partial combustion of 
coal in a gas producer, misod with various hydrocar- 
bons. From the producers the gas passes into a flue 
(a) ruaning beneath a ecries of furnaces which it thus 
Bnpplies with fuel ; from this flue it passes into a 
distributing box (b), from which it is admitt«d through 
five holes (c), into flues running beneath the bed. On 
reaching the opposite end of tho furnace, the burning 
gas rises through tho flues {d), and passes over tho fire- 
bridge (e). After traversing the furnace bed upon the 
upper side, the products of combustion, &c., pass into 
a flhort flue (/) connected with a downcast chinmey (j) 
in communication mth the flue Qt), which is common 
to several furnaces, and conveys the gaees to a tall 
chinmey, passing on their way through a tower, filled 
with loose brickwork, down which a stream of water 
continually flows. This water, meeting with such con- 
densable gases as sulphuric and hydrochloric acids, 
difiBolves and carries them with it into a wooden tank 
at the base of the tower. The slightly acid liqmd 
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The air requisite for tlie proper burning of the gas 
in the calciner is supplied through air holes (t), closable 
hy slidiog iron plates, by a careful adjastment of which 
the temperature at either end of the furnace may be 
regulated. Dampers (j) serve to cut off the gas entirely 
by closing the openings (c). 

The furnace bed is composed of rebated fire-tiles, 
4 iaches in thickness, the edges of which on two sides 
rest upon the divisions of the flues, shown by dotted 
lines in Fig. 6. 

There are four doors (S) on either side of the furnace ; 
those on one side being employed for the introduction 
of the tools used in woridng the charges, and those on 
the opposite side for the withdrawal of the chaise of 
calcined ore. 

The charge consists of from 3 to 4 tons of a mii- 
tnre of groimd burnt ore with salt, together with a 
small quantity of unburnt pyrites in cases where the 
Bulphiu is not sufiiciently in excess of the copper. It 
appears to be requisite that there should be in the 
mixture abeut a half per cent, more sulphur than 
copper. The quantity of these is estimated from day 
to day, and the amoimt of uuburut pyrites necessary 
to produce this excess is added. 

The mixture is introduced into the furnaces through 
apertures in the roof, which are supplied with hoppers 
{(), closable when necessary, by cast-iron plates. The 
charge is spread evenly over the bed of the furnace, 
and is stirred at intervals with rakes and paddles, in 
order continually to expose fresh surfaces to the oxi- 
dizing action of the air. This roasting is carried on 
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for a period of from six to eight honrB. Towards the 
oIoBo of tbe operatiou an average eample ie taken an^ 
roughly tested by the forcmaE in the following manneti 
The eamjile 16 first ground and treated with boiling 
water two or three times, the solution being eaob. time 
poured off; the residue is then washed with hot 
dilute hydrochloric acid, and the solution decanted and 
rendered ammoniacaL Prom the depth of the blue 
colour thus produced the amount of copper — present i 
oxide or subchlorido, insoluble in water but soluble ii 
dilute hydrochloric acid— is judged. 

The Holid residue from this is boiled with strong 
nitric acid ; water and ammonia being afterwards addei>i 
Should the solution have a bine colour, it indicates that 
some sulphide of copper still remains undecomposed,. 
and consequently that the roasting is incomplete, 
must be continued for a longer period. When nil the 
copper is found to have been converted into chloride 
the charge is drawn out on to the paved floor < 
furnace house by means of long-handled rakea. Tho 
calcined ore is thrown, whilst still moderately hot, into 
sheet-iron barrows or waggons, and carried to woodea 
vats, about 12 feet square and 3 feet 6 inches deepi 
supplied with false bottoms of brickwork, supported 
upon bricks placed on edge ; on this false bottom 
layer of cinders ia spread to serve as a filter. The 
re to within 8 inches of the to^^ 
1 until it stands above the surface 
lurse of two hours a plug is with- 
n the side of the tank, between the 
bottom and the false bottom, and the solution of copper 
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ad to run througli woodea sponta into precipi- 
^ inks placed at a lower level. Tho solution of 
copper obtained from the first five or six washings is 
of sufficient strength to heat once precipitated, but the 
weaker solutions obtained from subsequent liuviations 
ore run into a teservoir, whence they are pumped back 
and mode to serve for washing fresh quantities of cal- 
cined ore ; so that they ultimately become strong enoagh 
to be run to the precipitators. The last portion of copper 
left in, the residues often requires to be extracted by 
washing with the liquor obtained from the condenser, 
which, as before stated, is slightly acid. When 
obtainable, hydrochloric acid, produced in the manu- 
facture of salt cake, niny ha also employed. 

The residue from which all the copper, with the ex- 
ception of traces, has been extracted, has the following 
composition : 
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This, under the name of " purple ore," is employed 
OB on ore of iron, and is much used for making the 
s of puddling furnaces. 
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^^H The strung Bulations of chloride of copper are 
^^^1 tnin direct iroTa tlje lixivuting tanke to a series 
^^^1 tanks of aimilar sizo knona ae precipitators; in these, 
^^^1 copper ie precipitntml by scrap wrought iron throwa 
^^H into the solution, which is heated by a steam-jet 
^^V After some hours the copper is completely preci- 
I pitatoil and the solution has become iiolourlcBS. li 

the whole of the copper has been thrown down, no 
I precipitate will bo formed on immersing a clean knife- 

^^■^ blade in the spent liquors ; if, on the contraiy, 
^^^1 trace of copjter has been left in solution, the knife will 
^^^B become coated with a thin red lilm of that metal. 
^^^1 Instead of scrap iron, a material known ae " b 

^^H iron," consisting of that metal in a finely divided state, 
^^^V is sometimes employed for the purpose of precipitati( 
^^^ It is made by heating in a muffle furnace a miituro of 
purple ore with ground coke ; the resulting metallic 
iron being drawn from the furnace into air-tight cast- 
iron cylinders, in which it is allowed to cool i 
to prevent oxidation. When cold, it is grovmd 
mills and sifted through a fine sieve. 

When the spent liquors are found to contain no 
dissolved capper they are run off, and the precipitated 
copper is shaken free from the iron and carefully 
washed on perforated cast-iron plates, through which it 
passes, leaving behind any large fragments of iron with 
which it may be miaod. 

The precipitate ia spread upon a tiled floor, beneath 
which a tortuous fiue conveys the heated gases from a 
fireplace, ami by this means it ia dried until it con- 
tains from 8 to 10 per cent, of moistore. It js luar. 



'i rMdv. eit 



119 



ready, either to be smelted npon the same works, or 
IB packed in casks for delivery to an independent 
Bmelting eRtobliehment. At the time of delivery of a 
parcel of precipitate, the amount of water present ia 
detenained, in the presence of reproaentatiTea of both 
buyer aikd seller ; the weight of water present in the 
whole parcel ia deducted from the gross weight, and 
the net weight employed as the basis on which to 
estinuLte the value of the parcel ; all assays being made 
on dried samples. 

The percentage of copper present is determined by 
fire assay, by two independent assayerB, one acting for 
the seller and the other for the buyer, and the average 
of the two results is nsuaUy token as a correct repre- 
sentation of the produce of the precipitate, known as 
the " agreed assay." The produce generally amounts 
to from 69 to 73 per cent, of fine copper; bnt by 
humid assay the [lercentago is found to be from 72 to 
78 per cent. 

Mechanical Calcining Furnace. — A modification of 
the reverberatory furnace, having for its object the 
replacement of manual labour by mechanical arnmge- 
menta, and the more perfect calcination of the ore than 
is generally practicable in hand-wotked fumacee, haB 
been introduced by Mr. Thomas Gibb, of the Bede 
Metal Works, Newcastle- up on-Tyne. The furnace is 
reverberatory, the hearth being formed of a circular 
pan, sixteen feet in diameter, made of boiler plate 
and lined with fire-brick. This jian is carried upon 
radial wrought-iron girders, fixed to a central cast-iron 
^odle, whioh woika in a foot-Btep, and ia kept in 
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fitted with braseee, and supported in its place by four 
DASt-iron stays from the ground. The pan is caused to 
revulve on its own plane on the central foot-step, by 
means of an endless chain passing aronud a grooved 
Bbeavo fixed to the bottom. The hearth is traTersed 
from centre to circumference by a cast-iron plough 
made to reciprocate by being attached to a cross-head 

kmnniug in a guide, and worked by the same shaft 
*which supplies driving jKiwer to the furnace. The 
speed of the circular hearth and plough is so adjusted 
that the plough, during any revolution of the hearth, 
docs aot travol more than ita own breadth. The furnace 
is charged by means of a hopper, and is discharged by a 
Bet of parallel iron plates, which ore arranged obliquely 
across a radial line of the circle on the opposite side of 
the hearth from the plough. These plates are rigidly 
bound together at top and bottom, and suspended by a 

I chain, bo that they can be raised out of or lowered into 
the furnace through a slit in the roof, which is kept 
closed during the roasting of the charge. When the 
discharging plates are let dowu, each throws the ore 
carried against it by the revolution of the hearth 
towards the circimiference, into the path of the nest 
outward plate, by whieh it is again propelled outwards 
until it reaches a duor plate, which throws it over tiie 
edge of tlie furnace on to the floor. 
The working of this furnace, taking it as ready for 
.' charging, is as follows : The hearth is kept continually 

revolving, and the charge, consiating of 5 tons of 
oruahod ore mixed with salt, is nm into the furnace 
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irom the hopper, and at the soane time levelled by the 
discharging plates suspended at about 8 iachee above the 
hearth. The plates are then di-awn up, and the orifice 
in the roof closed. The hearth mekea two revolutions 
per minute, and the plough makoa its journey in one 
direction once in seven minutes and a half, leaving the 
Burfooe of the ore in a spiral ridge or furrow. The 
motions are so adjusted, that in the return journey the 
plough travels between the lines described in the 
former journey, or in the line of the ridge which it 
formerly made ; so that at each journey lidge and 
farrow are transposed, and a new surface is exposed to 
the oxidizing action of the heated gases flowing over the 
hearth. When the ore is sufficiently calcined, usually 
the case in about nine hours after chafing, the dis- 
charging plates are lowered into contact with the re- 
Tolving hearth, and these with the doorway plate throw 
the ore out in a rapid stream over a shoot. 

Tho advantages claimed for this furnace are, that no 
manual labour is required, except in firing and ad- 
justing the apparatus for charging and discharging; 
no skill being needed except such as is necessary for 
keeping up the fires. It is also found that considerably 
less salt is required in proportion to the burnt ore, 
and that the copper is obtained in a more soluble state 
than in most hand-worked furnaces. The calcined 
ore contains no chloride of sodium, which is of great 
advantage if alkali is to be manufactured &om the 
waste or spent liquors ; whereas in ore treated in hand 
famaces, 2 • 64 per cent, of salt remains uudecompoaed, 
fcnd the " salt cake " or snlphat« of soda made from the 



, 133 itRiTisB MAxcFAcrusix<; nrntTSTMizs. 

wuto liqnoTB of eaclt » ntkteml would coU^ia. mi It 
19 pet cent, of sodic chloride. As bofors slal 
Iho quantity uf copper produced bj Qx method of 
wot oxtractiuQ has been rapidly vn the increase fi:ff 
•omo joors ; and nt the present time the amoaiit 
uiniially prixlaccd in tliia conntrj £rom cnpieons iron 
pfrittis bf this process, or by some modification of it, 
uiuch oiomhIh the production of the mines of &b 
United Kingdom. 

Sunt and Douglas Proeesg. — This process is bwed 
Upon tlie fact that oiidized compounds of copper, eadi 
M cupreous aud capric oxide, osychloride or u&rbonate, 
are, under favouruble conditions, converted into cu- 
preous and cuprie chloride, by the action of solutions 
containing uoutral ferrous chloride. The ore, if con- 
siitiug of uaturul oxides or carbonates, is ground to a 
fine powder, anil treated with a bath containing ferrous 
e contains snlphides, roasting 
u order to convert these into 
DxidcH. lu the case of earbonatos or Gnboxides of 
copper, roasting is also found desirable ; in the former 
cue, for the removal of carbonio acid, and in the 
Utter, for the oonvereion of cupreous into cuprie 
oxide. 

The neutral ferrous chloride ia prepared by the action 

of chloride of caloium or sodium upon ferrous sulphate, 

and the preparation of tbe hath, above mentioned, is 

oonduotod na fellows : 120 lb. of sea-Bolt are dissolved 

' with 280 lb. of ferrous sulphate in 100 gallons of 

In place of this a quantity of ferrous ohloriciei i 



chloride ; whilst if the o 
muHt first be resorted to ii 



oontaining 561b. of metallic iron, may be used. In 
either case, 200 lb. of sen-gait am next added, and tbe 
solution is ready for uao, and will be found capable of 
dissolving about 90 lb. of copper. The finely ground 
oxidized ores are digested in tliis bath, with frequent 
agitation ; when tbe solutioo is complotc, and the 
liquid bas beon drawn off, tbe insoluble residue is 
treated with a small quaotity of bot brine. 

The copper present in solution is precipitated by 
digestion with metallic iron, and is obtained as cement 
copper. The bath, after being thus freed from copper, 
contains a considerable quantity of regenerated ferrous 
chloride, and is employed for the treatment of a fresh 
qnantity of cupreous ore j as, howeyer, there is a 
alight loss of chlorine by the formation of oxychloride 
of iron, it becomes neceesary to add to tbe bath at each 
operation a quantity of ferrous chloride equivalent to 
this loss. Thin nmonnts, for each operation, to about 
oae-eighth of the quantity originally present. 

The application of heat is not considered QeceRsary, 
although the solubility of the oxides of copper is 
thereby considerably increased. 

When the ore to be treated eoutains sulphides, it is 
necessary to roast in a muffle furnace, with frequent 
stirring, until the copper is entirely converted into 
oxide or sulphate, and, since the latter would consume 
more iron for its precipitation, it is found desirable to 
add to the calcined ore a sufficient quantity of finely 
ground limo, to convert nearly the whole of the copper 
into oxide ; the mixture of calcined ore and lime is 

a treated with the bath in tbe usual way. 
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^^H This process hog been saccessfnlly worked i 
^^HAnericB ; bat nltbongh suitable for workiag ores is 
^^r^localities nhere salt is expensive, it ia doabtfol 
whether it could compete in this cotmtiy with the 
older method uf roasting with salt 

Extraction of Clipper from Pyrites at the Mines. — As 
has been before stated, a large quantity of cnpreons 
iron pyrites, too poor for exportation, is anunally 
treated at the mincB of Tharais, Eio Tinto, &c., i 
Spain, where a large proportion of the pyrites employed 
fur the raanafacture of solphnric acid is obtained. 
The mode of operating is as follows : The pyrites ; 
broken into fragments of the size of the fist, and piled 
upun brushwood, the ontside of the heap, which conlainB 
about 100 tons of ore, is covered with the small o. 
detached from the mass in handling, and from which it 
is separated by screening ; the heap ia fired by means 
of the bmshwood, and continues burning for a period 

*of from six to eight months, at the expiration of which 
time the copper has, to a considoi-able extent, been 
rendered soluble. From these heaps the ore is carried 
io tanks, in which it ia auhjected to a liiiviation with 
wal«r, which removes the whole of the copper, with 
the exception of about one-half per cent. The liquors 
draining from the lixiviatora contain sulphates of 
iron and copper ; the copper is precipitated : 
form of cement copper, by allowing the liquors to flow 
r bars of pig iron, arranged in hollow piles 
L precipitating tanks. 

The large quantity of ferric snlphates present iu the 
ipper liquors causes a considerable waste of iron, 
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three parts of that metal being required for the pre- 
cipitation of one of copper. 

The copper left in the spent ore is not entirely lost, 
the refuse is piled in large heaps, " terreros," and 
watered from time to time ; the drainage carrying with 
it a small quantity of copper, is conducted to pre- 
cipitating tanks in the usual way. These refuse heaps, 
which are of enormous size, continue to yield cupreous 
water during many years. 




Bv Walter Gri 

I The origin of tho word bbasb ib not free from ob- 
\ Bcurity. The resemblance which it beare to the 
colour of flame gives ground for supposing that it ii 
derived from the Spanish, " brasaB," ^hich means coals 
flro; or "abrazer," burning or inflaming. The 
I word has also beon attributed to the Fortngueee 
" braza," expressing that which has brightness of 
colour ; also the Sason " brtes," the Cornish " brest," 
the Welsh " pres," and the Irish " pras " ; althou^ 
the conneotiou is, in either case, not very clear. 

But the moaning of the word admits of no doubt. 
It signifies an alloy of which copper is an important 
constituent, the other elements being chiefly zinc, tin, 
and lead. 

It is therefore the art of alloying copper with other 
metals, and moulding it into shapes and forms adapted 
to the many wants of man, with which I have to deal 
I in the preecat article. 

I Of all tho arts there is perhaps not one bo a 

, cient as that held by the artificer in brass, for foan 

the earliest time every country has had its brass 

workers. Nearly sis thousand years ago the metallic 

strata which cropped out from the mountain Bides 

9 etadiod, fired, hsmmetod, B.11I i:^;^^^ ftobmia- 



SEASS FOUSDINa. 127 

• eive to the indomitable will of the great father of 
all metal workers, Tntal-cain (the Hwang-te of the 
Chinese). This extraordinary man gathered aronnd 
him a school of artificers, and unceaeinglj laboured to 
make them acquainted with the propoities of brass, the 
mode of its reduction, and its application to his many 



In early Hebrew writingB we have such espresaionfl 
as "mountains of brass," "dig brass from the hiUs," 
" brass molten from stone," from which some infer 
that the ancients obtained it in a native form, while 
others believe that they were aware of some alloying 
process. 

We are familiar with the word in its frequent appli- 
cations to hrags armoury, statuary, gods, bolls, gates, 
Teasels, and the like. It was a sorpent of brass which 
Moses raised in the wilderness; they were vessels of 
hroMt which Hiram made for Solomon's temple. It 
was of a "firiMg precious as gold" that Ezra's vessels 
were made for the temple at Jerusalem; and it is of 
brass (or bronze) that the swords, armour, tripods, and 
cooking utensils are composed which were exhumed by 
Mr. Layard from the ruins of ancient Nineveh. 

Heathen mythology, too, favoured the brazier's art. 
BrafiS or bronze statues were made in large quantities, 
and on them often depended the wealth of a state. Such 
cities as Athens, Delphoa, and Rhodes, had each of them 
at least three thousand statues. The famous Colossus in 
the latter town, erected to Apolio three hundred years 
before Christ, measured 105 feet in height and took 
twelve years to execute. It cost 300 talents, which at 
the value of 396/. per talent, comes Ui Va.ft s: 
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I enm of 118,0002. eterling. This statue was dGstroyed 
hy an eartbqasko fifty-six years after its erection, and 
. remained Lnried among tbe mine for over nine hundred 
years, when it was sold by the Saracens to a Jew, who 
eitricatod from it nine hnndred camel loads of broae. 
During the early ages of Christianity we find brass 
I bells introduced into the church towers, to call forth 
I the people. In the year 400 they first pealed from the 
L church at Nolo, in Campania. In 670 they were intro- 
duced into the monastic societies of England ; and in 
870 Croyland church obtained its great bell, and subse- 
quently its chime of sis. But before the Christian hells 
:e allowed to utter their sounds of joy or sorrow, the 
Church baptized and named them, made sigas of the 
cross upon them, and imparted its blessing on the alloy. 
Previous to the Eeformation our churchos were 
garnished with many monumental tablets of braes, 
which our forefathers obtained from the Netherlands, 
but whicli unfortunately suffered severely from the 
irreverent hands of the destroyer. Fortunately a few 
Btill remain to illnatrato the work of 1277 to 1607i 
Specimens may be seen at Eutland and at Warwick, 
with their giant portraitures and angular letters. 

About the reign of Henry VII. the English begun 
to move in the art, and we have an example of the 
period in the brass railing round that king's monu- 
ment in Westminster Abbey. 

We owe the introduction of our general trade in 
brass to tho wisdom of Queen Elizabeth's advisers, 
who invited and encouraged several Grormans to tiiis 
country to instruct ns in the art, and accordingly 
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I Honghaetter and Christopher Schutz arrived 
in England in 1565, with upwards of twenty German 
workmen. 

In 1649, Messrs. Momma and Demetrina, both Ger- 
mans, erected brass works at Esber, in Surrey, at a 
cost of 6000^. ; but English taste was not prepared for 
so large an nndertaking at that date, and so the ad- 
venture unfortunately proved a failure and ruined both 
gentlemen — a result not uncommon in pioneering 
enterprise. 

They were succeeded in 1678 by the erection of the 
celebrated works of Prince Rupert for maaufactnring 
yellow brass ; by the Temple Water-mill Works, at 
Hackney, for making brass cannon; by the Baptist 
Mills, at Bristol; by the ancestors of the Darbys, of Coal- 
brook-dale (at whose worka it is supposed England 
first began her foreign trade) ; by Mr. Thos. Oswin, in 
1710; by the brass foimdry in Dublin, and many others. 

Tip to the year 1800, many patents were granted for 
improvements in the process of alloying the metals. 
The Geimana had taught us to fuse calamine (carbonate 
of idnc) with copper; but the improvers desired to fuse 
the metals in a pure state, so that the old process 
gnidnolly became obsolete, and the new one utuversaL 

By the commencement of the present century, Bir- 
mingham had become the recognized seat and centre 
of the brass trade, on account, no doubt, of its proxi- 
mity to the trades and markets most in want of its 
productions, and of the ease with which aU the re- 
quisites conld be obtained for carrying on the work to 
^ nnliiuited extent. 
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At tbis period, the trade was mainly that of cAbinel 
brass foundry, such as locks and hingos, knobs and 
buttons, casters, and roller furniture, nails and screws, 
curtain bands and drawer handles, eash lifters and 
fiksteners, bat piss, and poles, &c., but these wero soon 
succeeded by the minu&ctnre of brass caodlesticks, 
scuttles and kettles, knockers, bell pulls and cranks, 
and a world of household sundries. 

A new blanch of the trade sprang into existence with 
the inveutioa of the steam engine, followed by the 
other great engineering works which have added so 
much to onr domestic comforts, such as the supply of 
gKs and water, and these alone developed the trade to 
doable its former output. 

In 1831, Mr. Thos. Pemberton purchased the busi- 
;ss of the Birmingham Joint-Stock Company, and 
lutinued it with eminent success for twenty years; 
indeed, his patterns may be seen in nearly every iron- 
monger's shop tbrougbont the kingdom. 

The introduction of the penny postage added much 
additional work to the brass founder, by the demand 
which took place for letter balances. 

It is dif&cult to collect the exact state of things at 
any particular date, and still leas at regular periods; 
but so far OS I can gather, the following appears to 
have been the progress of the trade, in round numbers : 
nnraber of employcra was 200, of workpeople 2,000 

1825 „ .. 900 „ 9,000 

,. 1000 „ 10,000 

1973 „ „ 1500 „ 15,000 

In Birmingham alone there appear to have been fifty 
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employers in 1800; one hnadred and fifty in 1825; 
and ftbout two hundred and fifty at the preseat time. 

Many large brass founders are scattered over the 
coniitry, altogether independent of the Birmingham 
trade, as in London, Liverpool, Glasgow, and Leeds. 

In 1800, Birmingham consumed about 1000 tons of 
brass. In 1825 it manufactured about 10,000 tons; 
in 1850, 20,000 ; in 1865, 38,000 ; and at present about 
11,000 tons, which represents something like three 
million of money. 

Our eiports in 1799 are said to have been 3851 tons 
13cwt. 

»In 1872 the; were 13,05G tons, value 1,241,012 
1873 „ 15,715 „ 1,490,880 

187* „ 19,29* „ 1,796.525 

1875 „ 18,39* ., 1,57*,7S0 

This is exclusive of ordnance, three-fourths being 
used for ahip-aheathing. 

Properliea, — With the exception of iron, no metallic 
eabetance has acquired bo much importance in the arts 
and manufactures as brass, on account of its numerous 
and varied properties. At times we find the characters 
of the alloy difiering as widely as the poles from those 
of the metals of which it is composed. In other cafiee, 
the alloy possesses almost a true mean of the properties 
of its component ; while a third group is neither a 
mean nor an antagonistic. 

Such diversity, however, has imparted much value 
to the alloy, and given it that wide range of application 
which it posaessea. 

^1. 




J 



182 BJtITISa MAtlUFACTUHnrO ixdustetes. 



f 

^^H Commercial brase is a non-chemical Bubst&nce, that 
^^^1 is to say, it is nut an atomic componnd, as the metals 
^^^H unite in all proportions. Yet we muBt believe 
^^^1 truo cfaemieal alloy, for the mctale will unite in atomic 
^^^B proportions. In auch a state it is said to be isomorphoua 
^^^K with copper, and to crystallize in octahedrons. Ac- 
^^^1 cording to the proportion of its ingredients, so is its 
^^H Bpecifio gravity, which maybe taken from 7*5 to lO-O, 
^^^r but is redaced by beat to a point inferior to that of 
^^^ the mean of its 

Brass is, of course, fusible, and in proceaa of re- 
melting loses in weight 4 to 6 lb, per cwt. by volatiliza- 
tion, especially of tho lighter metals. It presents the 
same indication of malleability common to all malleable 
metals, namoly, that of becoming pasty before it is 
liquid. Ordinary yellow braes fuses at 1835° Fnhr. 
or 1021° Cent., while brass of other proportions 
from 1000° to 1900"' Fahr. 

It is cohesive, in some cases to a greater, and in others 
to a less degree than the mean of its oomponente 
1 part of tin with 6 of copper being the proportion which 
yields the greatest cohesive force. Heat reduces thoa co 
hesive force, as it does in all other alloys and 

Brass expands by heat g-^th of its length, is malle- 
able and ca^vable of being rolled or beaten into any 
required form. Heat favours its malleability, and nndM 
proper conditions it can be rendered so thin that 52,900 
plates can be put within the space of 1 inch. 
ductile, or capable of being drawn into wire and tnbe, 
without being torn asunder. Heat, however, la nn- 
[ fevourable to its ductility. 

^^L Bmsa IB teoacioaB beyoacV b.M 'mi&\».Ui« bodiea. 
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BTceptiEg iron and copper ; but if tlie tension ia con- 
tinuous, a Bingular molecular chongo takes place whicli 
totally unfits it for work Bubject to strain, such as tie 
rods or chains for suspending weights. The alloy 
becomes, eo to speak, rotten. It is singular that the 
Birmingham brass founders hang nearly all their 
balance weights for gas lustres with braes chain, a 
practice which is well known to bo unsafe. 

Brass possesses density to a rcmarkahle extent, and 
is second only to iron in resisting the force of com- 
pression. 

It is also sonorous, emitting sound in the highest 
degree, when the components ore from 2 to 5 parts of 
copper to 1 part of tin. 

Under proper conditions it is springy and elastic, is 
a conductor of heat and elasticity, evolves heat on being 
liquefied, is incorrodible in water, has a high mctaUic 
Instre, is Gnsceptible of polish, and has a range of 
colours from red to orange, yellow, grey, and white. 

Brass which contains not more than 50 per cent, 
of zinc exhibits a reaction towards copper in the voltaic 
current, and does not precipitate the salts of copper ; 
while that which has an eicess of zinc decomposes 
copper salts, being thereby converted into pure copper. 
Bucb brass likewise dissolves completely in adds which 
Imye no action on copper alone. Hydrochloric acid 
leddens it, while amraoaia whitens it : the one attacks 
Qie zinc ; the other the copper. 

Thirae who are interested in the testing of brass 
will find drawings and descriptions of the difierent 
apparatus, in " An Account of Experiments on the 
Strength and other Properties tii "Bto.^ l«t ^aa«in\ia. 
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&ti." publiehed in 1866 by TrQbner, London, pp. 
307-321. 

Composition. — Brass iaeitheramechanical or chemical 
mixture of tvio or more metals, run together when 
Btate of fusion. Copper is alwajrs present, bat the com- 
panioQ metal maj be oitlicr zinc, tin, or lead. These 
three mctale give rise to three groups of brass, namely, 
the zinc, tin, and lead groups, which are as follows 



Ths Zino Grodf. 



5 p.irta of Hipper witli 1 of zi 



: yield rich sheet brass 
,, pinchbeck brass 

„ Dutch biasB 

„ orcliiiaty yellow brasa 

„ pale coloured bra£s 

„ ship aheathiDg bnisa 

„ dippiog brsaa 

„ hard solder 

Thk Tin Gbocp. 

■a.) parts of copper with 1 of tin yield a red alloy with odour 



alloys of sound ; bell metal 



aUoys of leflectioil 



The LKiD Ghodt. 
4 pMte of copper with 1 of lead. 1 part of 



id I of tin, yield 
beat cook melal 
1 part of tin, yield beet cock 

yield tap and pot metal 



The different proportions employed in the formation 

of braes give rise to different coionra in the alloys, 

□ of which is e,8 followB : 



i brftBH, of any proportion botwoen 7 to 20 parts 
of copper and 1 of either tin or zinc, or 
between 4 to 8 of copper and 1 of lead. 

Qold-colonred braes, of any proportion between 
4 to 6 of copper and 1 of zino. 

Yellow brasB, between 1 to 3 of copper and 1 of 

iStey brasB, between 2 to 5 of copper and 1 of tin, 
KlVhite braes, betwoen 1 of copper and from 1 to 4 
of tin ; or between 1 of copper and from 2 to 3 
of zinc ; or when areenic is added to copper, 
is eometimes introduced into the compoaitioa 
of braes, as in the Fontainemorean compounds and the 
Japanese bells. 

Tin renders the compound hard ; and lead in small 
quantities makes the castings sharper thou that made 
liom an alloy in which it is not present. 
la breakinK asander a bar of brass, it will be foond 
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that the motals, after they have been mixed aud ponred, 
eeporato to a greater or less extent, the heavier metal 
being found in greater proportion at the lower side of 
the casting. If tlie brass contains lead, that metal may 
Bometimea bo found oozing out of the alloy. 

It is usual for brass founders to manufacture tlietT 
own brass to suit their requirements, although ordinary 
yellow brass can bo purchased in ingots ready for 
mQltiug. 

Manipulation. — Formerly, and even within my own 

memciry, the mode of combining the metal to form 

the alloy was by dressing and reducing carbonate of 

zinc, and smelting it with copper for twenty-four hours, 

I in ciuciblca which were enclosed by dozens at a time 

I in horse-shoo furnaces. 

Alodem furnaces are constructed in two ways : firEt, 
by placing a wrought or cast iron cylinder (about 
I 2 feot in diameter by 4 feet long, with a part cut out for 
the flue) on end, 2 or more feet up from the hearth, 
and lining it with fire-clay bricks, so that the internal 
diameter is from S to 12 inches, according to the size of 
the cmoiblea to be used. The bottom is formed of 
I common furnace bars, the air being admitted and the 
I ash removed through a cave which communicates with 
the outside of the building. The mouth of the furnace 
is closed by a cast-iron loose cover. A fi-inch flue 
is formed within a brick of the top plate, which leads 
into a main flue, conducting the contents into the 
chimney stack, the former being fitted with a regu- 
lating damper. 

The second mode of construction is the square ei 
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Cast-iron plates, resembling tank plutee, 3 to 4 feet 
wide, and the same length as that of the fomaces, are 
placed 4 feet apart, and bolted together at that epaoe 
by strong tie-rods 2i feet apart on tho length of the 
plates, and about 1^ foot apart on the depth. The 
fnmaceB are then built of 18-inch work, or other- 
wise, according to requirements, in the samo manner 
as described above, except that the internal space is 
square instead of cylindrical. 

Each furnace is made to contain a single cmcihle, 
and so long aa castings are confined to small sizes, 
the contents of a crucible are nsually enough for a 
casting. We are not, however, always content with 
small castings. The scrow or propeller of a steamer 
may sometimes weigh tons, and consequently, the con- 
tents of one crucible are but a drop in the bucket 
When, thoroforo, quantity is wanted, tho founder 
resorts to either of the following methods ; 

First, ho can use a number of furnaces like those 
just described, close the cave, and introduce tuyeres 
under each furnace, through which he can send a blast 
from powerful fanners, driven by the engine, which 
greatly increases the molting power of the furnaces. 
As the mould is filled from one crucible, the others 
are gradually poured into the acting crucible, and 
so a continuous flow of brass is kept up to feed the 
mould. 

Secondly, ho can melt in a reverberatory or a cupola 
farooce ; although such a plan is very wasteful, and, 
if possible, should be avoided. The fumaeea suffer a 

BBt.deal of deHtmotion from the action of the i 
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"' and out of ever; dozen furaacee, two, or perhapB three I 

will be ueufilly under repsur. I 

The crucibles or jK>ts in which the metaJa ate I 
melted are of tvto kinds, the burned and tmbnmed. 
Of the former, the HcHsiiiu, the Berlin, the Stourbridge, 
and Mr. Anatey'e, are ofteneat employed. The latter 
U ft simple compound of 1 part of pure fire-clay with 3 
of black-lead, worked up with water on a potter's wheel, 
or compresBed into a mould, upon a mandriL These 
bine-pots, as they are termed, are carefully kila 
dried, and found to answer so well that they have 
almost become nniversal. They stand sudden changes 
of temperature, and do not allow liquids or gases to 
pass through thorn, and these are moat important 
properties in crucibles. 

The furnaces having been kindled (eoke being the 
fuel employed), the crucibles are pluced in them, bottom 
upwards, and allowed to remain till they become red 
hot, for if put in otherwise, they would be sure to crack 
and £y in pieces. When red hot, they are turned 
mouth upward, and a charge of copper only inserted in 
each ; the fuel is made up all round the sides of the 
crucibles, and a few pieces of hard coke placed on the 
mouth of each, the dampers regulated, the furnace 
mouths closed, and the whole allowed to remain till 
the copper is melted. The other portions of the 
charges, zinc, lead, or otherwise, being broken into 
small pieces, are placed at the mouth of the furnaces 
to heat When the copper is melted, the other metals 
are added gradually, in their hot state, so as not to 
chill it, Careful mani^ement is required with zinc tt 
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prevent volatilization. As each piece is let down by 
tongs into the crucible, it is plunged nnder the enrface 
of the copper and held there till it melts. Great 
danger attends the introduction of cold or damp matter 
into liquid copper. The ntotals having become liquid, 
the contents of the crucibles are carefully stirred 
with a hot braas or iron rod, so as to incorporate the 
metals as mnch as possible; for, mix as we may, the 
light metals will volatilize, and the heavy ones subside 
to a greater or less extent. 

If it is desired to form the braes into ingots, the 
contents of the crucibles, which are raised &om the 
farnace by clamp~tongs, ore poured into iron moulds, 
heated and prepared for the purpose ; but if the brass 
is not intended for ingots, it is poured direct into 
ordinary monlds, which is the general practice and 
saves the expense of remelting. 

A little salt cake thrown into the crucible at the 
moment of pouring, assists to raise all impurities to 
the surface of the alloy, which is shimmed off by the 
workmen before or at the time of pouring. This 
process is one which requires care to prevent the 
passage through which the molten alloy is run being 
choked by too rapid pouring; hut free exit must be 
allowed for the air which fills the cavity, and for the 
gases which are formed in the course of pouring. 

During the pruceBS the chamber is filled with 
metallic fumes of a very unhealthy nature, which the 
greatest care, even with the use of respirators, cannot 
prevent being inhaled by the workmen, and this mokes 
a Butfject to a kind of intermittent fever, known as 
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ft good deal IB done to mitigate the evil by a well- 
proportioned room and good ventilation. In pouring, 
eare must be taken to turn the email castings first, 
when the alloy is hottest. The larger orea are run 
with the "after metal," as it is called, that is, with the 
eoolor alloy. If time is not an object, ordinary work 
■hoidd not bo opened till the alloy is cool, ae the 
oastiugs thereby become improved by the process of 
slow cooling, and, in fact, are annealed. 

When opened, the castings are conveyed to the 

drossors to be cleaned and trimmed, while the motdding 

boxes and sand are returned to the moulding shop, 

ft large roomy building, with occommodation for sands 

snitod for the varione purposes of the trade. The 

general stock is kept in pits, while the sand in use 

is contained in long deep troughs at which the men 

work. Thoy are divided into compartments of 10 feet 

^^^_ or 80, which is the allotted " tub " for a man, and each 

^^^H tub has a pair of sliding bars or bearers, to support the 

^^^B * flasks" or boxes in which the matrix is formed. 

1^^^ One of the flasks being placed on a flat IJ-inch board, 

on which are the jiattorns to bo moulded, the monlder 

sprinkles over them some fine dry sand, known by the 

trade as " parting," and then adds a little &esh, tin- 

burnt, moulding sand, called "facing," till the jiattems 

ore covered to the extent of half an inch ; and lastly, 

shovels in moist sand from the trongh, and rams it tight 

with an iron rammer, till tho flask can hold no more. 

It is then scraped flush, and pricked with a pointed 

fiJTa vent to the gas formed in pouring in 
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dloy. Another flat board is takea and placed on the 
top like a lid, and the boards and flasks are then turned 
right over ; what was the bottom board before being 
removed, and showing the patterns embedded in the 
Band. The face is now cleaned and freed from im- 
perfections, and those patterns which are only half 
embedded receire their comiterpaiis. 

The nest operation, namely, that of withdrawing the 
patterns, is done by slightly tapping them all ways, to 
relieve them from the sand, and then with a steady hand 
nuBiDg thorn from the impressions. If this operation 
disturbs any of the sand, the mould must be repaired ; 
and any portions of the intended castings which are to 
have holes or hollows left in them are now supplied 
with pieces of well-baked sand, called cores, prejurod 
for the porpoEo. The monldor having flxed them, cuts 
passages or channels of commnuication between the 
patterns and the exterior of the flask for the admission 
of the molten alloy. The facoa of the mould are now 
dusted over with finely ground wood charcoal, or peaae 
meal, and the flask closed. An additional iacing is 
often applied to the mould by a deposit of soot on it 
from burning pitch torches. The castings produced 
from those moulds are known in the trade as ":&ced," 
and bring a higher price than the others. 

In ramming the flasks, somo art and practice ore 
required. If rammed too hard, the generated gases do 
not escape freely, and air holes in the castings ore the 
result ; if too soft, the pressure of the alloy canses 
swellings on the castings. In either case they are 
ueelesa. When large quantities of castings ore ro- 
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quired, Uie fonnder rMorte to machine nther than to 
hand mouldiiig. A nutchine ccinsiBts of a table, on 
nhicli is fixed the whole or half pattent. a« the ease 
may be. The fiaek is rammed up on it, ae described in 
hand moQlding, and bj means of » screw or lever the 
patterna are drawn with mathematical accnracy from 
the nand tbrongb the table. The operationsof dusting 
utd stoving arc conducted as already described. The 
other flask ie treated exactly in the some ynj on a 
Qumpanion machine, aud the pair are then closed, 
cramped, and taken to the caster. In principle these 
machines are the same as those employed by iroo 
founders for moulding railway chairs, flow metal, eaeh 
weights, fire-bars, and the like, and are capable of 
turuing out a vast amount of work. 

Castings ore also produced for special purposes by 
another method, known as chill moulding. The mould 
ill this case is either wholly or partly made of iron. 
Uotab and alloys run into or upon iron harden the 
lui'fnuo by contact, and hence bearings for machinery 
■lOil goods to stand compression are, or should be, oast 
by tliis method. 

The surface of the iron mould is kept very clean, 
and ie oithor polished with black-lead or coated with 
oil, ur a mixture of red-ochre and albumen. 

A simitar process is adopted for casting blocks of 
brass, which are to be rolled into sheets, except that 
the moulds are made of marble. Each mould of this 
kind oonsists of two huge marble blocks, 5 feet 6 inches 
long by 3 feet wide and 1 foot thick, and are placed 
H ttbovo thu other. The top one is hung by an 
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app&Fatne which enahles the workmen to remove it 
with ease and replace it at pleasure, other appliances 
being attached to the sides of the marble for regulating 
the thickness of the blocks to be cast. The surfaces of 
the marble are kept clean and smooth, and, before each 
casting, are coated with a thin layer of prepared loam. 
The aides and ends are made up with ordinary sand, 
and a sort of hopper, thickly coated with moulder's 
, ^ eoud, is attached for the purpose of admitting the alloy 
' to the mould. Large 'symmetrical castings, such as 
ohrirch bells, can often be made without a pattern, 
properly so called. The process is termed " loam 
I moulding," and consists of grinding wet loam and sand 
in a mortar mill, and plastering a rough pUo of brick- 
work with the mixture. In the centre is placed an 
I upright epindle of iron, on which is hung a wooden 
board, cut in profile to the tnaide shape of the article 
to be made, It sweeps round the plastered brickwork, 
and, when the shape is perfect, the mould, which baa 
I been built on a carriage, is placed in the stove to be 
thoroughly dried, then coated with a wash of charcoal 
I and water, and again dried. Another coat of loam 
I mixture is put on, representing the thickness of the 
intended casting, and a second sweep-board, cut in 
. profile to the outside size of the article, is made to 
I swing round on the centre spindle till a proper and 
I perfect form is got. This is dried and coated with 
black-wash, as described above. When these opera- 
tions are finished and the mould cooled, a large iron 
I flask is placed over it and filled up with moulder's 
L loatn and sand, tightly rammed. The flask is after- 
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wuda raised &om the mould, sad tbe impressioD n 
u smooth as poesible with bright iron tools, prior to' 
a romoval to the etove to dry the loam, which is also^ 
block-washed and again dried. The second coating 
loam mixture, which represented the thickness of 'Cur. 
article, is now taken from the first one, the pnrpcaaj 
for which it was intended being accomplished. Tl 
first coating is corefnlly examined, any imperfe 
repaired, hlaok-woshed BJiew, and provision made 
the 0Bca[)e of the gas generated dnring the prooese 
pouriug. The flask is then fixed to the carriage, 
the whole is run into the casting shop to receive 
liqnid alloy. 

It is of great importance in the art of fonnding thati 
the proper aands are used for the different purposes tft^ 
which they are applied. The great bnlk of moulding! 
sand used in this country is obtained at Birmingha%< 
Belfast, and Hampstead, and is highly silicioos. Sandt'j 
containing more than 6 per cent, of metallic oxides, 
lime, and magnesia, are objectionable, as the heat of 
the alloy, in pouring, fuses such materials, gives rise 
to a largo amount of gas, and is ceirtain to produce 
caBtiuga. These sands ore adhesive when they contain 
a small amount of water, and on that account do not 

d when quite close to the pattern. It is 
necessary to sprinkle very dry and fine river sand 
it before nsing. The cores are made from a grounj 
rook sand, known as rotten rock. 

The cast plates formed under marble, as before 
described, are first subjected to pressure between heavy 
roUMB in the department known as the mill. The first 
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nuohines through which thej pass are colleil the 
" breaking-down rollere," which reduce their thiekness 
aad increase theii length. They are then heated to 
blood redness in a reverheratory furnace, and gradually 
cooled, because the plates Lave become too hard for 
fdrtber rolling. They ai-e agoin passed through other 
rollere till they again become too hard, and this proeess 
IB repeated till the required thickness is arrived at. 
The plates are then dipped in dilute sulphuric acid, 
known as the " pickle bath," and afterwards well 
washed in water and dried. . The plates known in 
commerce as " latten plates" obtain a further rolling 
between poliahod rollers, to ijopart to them a bright- 
ness of finish. 

Coring the rolling, scales, blisters, and other imper- 
feotiuns make their appearance, not &om any fault in 
the rolling, but in the casting. Such plates are set 
aside, and sold at a redaction, under the name vt 
" spilly plates." The perfect ones are known as sheet 

Brass intended to be converted into wire is rolled 
by the method just described, to the thickness of three- 
eighths ()f an inch, and then cut into strips by rollers 
made for the purpose, termed "slitting rolls;" and 
these strips are again placed between grooved rollers 
till the length becomes inconvenient. Like the sheetE. 
I^ey reqnire annealing. They are then passed through 
a series of doubly tapered holes, nicely mode in steei 
blocks, on a "drawing bench," which consists of 
an endless chain in motion, carrying with it the thin 

1 of the brass which in passing through the xteet 
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^^^B Uock. Tbrongh & snecession of holes, each one less 
^^^H ttian its predecessor, tlie brass travels till it is redaced 
^^^H to a comparatiTely slender thread, when it is foUed 
^^^1 round n druio as it passes from the redacers. The 
^^^1 drum is placed under the bench or at its end, and 
^^^^B is rcvolvod hj a spindle and beveled wheels. It 
^^^H is necessary to anncnl repeatedly in the coarse of 
^^^H drawing. The operation can be stopped at any point, 
^^^H 8o as to give out the n-ire at a required thickness. 
^^^H It will be eeen that in the process of drawing, the 
^^^V vhole length of the wire is passed through one holo or 
^^^F Tedncer before it travels the nest one ; ami it has often 
I oocnrred to me that the waste of time which thus takes 

place might be saved by a machine, which would allow 
I of the wire passing through as many redncers as can be 

^^H done betiveen the annealings. 

^^^^ It is nsuol to make thirty-six different mzes oi 
^^^B diameters of wire. The thickest, or that known as 
^^^ No. 1, is about one-third of an inch in diameter 
(correctly, it is decimal thirty-one of an inch). The 
thinnest is '001 of an inch. £ach size has a standard 
measurement or gauge recognized by the trade, and 
known as the " Birmingham wire-gauge," 

In the art of brass drawing there is a more important 
department than that of wire, namely, that of drawing 
tubes. TLq brass, rolled in sheets to the thickness 
required, is cut into long strips in tho slitting t60§, 
according to certain diameters. The strips so cnt are 
first passed through the fnrnacea where they are made 
rod hot, and, on cooling, travel through grooved rollers, 
the one oouoare, and the other convex in the g 
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These rollers tnm up the edges, which ore now filed 
clean, a mandril being placed into the semi-formed 
tabe, and the edges malloted together or passed 
through another pair of rollers. The mandril is then 
withdrawn, and they are bound together with wire or 
binders every one or two inches. They are next 
charged inside with wet borax and spelter solder, and 
couyeyed to a class of men known as " burners," who 
work the tubes over intensely heated coke fires, reduce 
the solder, and so cement the edges. The tube thus 
formed is now dipped in a bath of dilute snlphnric 
add, and afterwards well scoured with sand and water, 
and when dried is sent tbrough a reducer, a fraction 
less than its own diameter, on the draw bench. The 
oataide is thus made smooth and clean, but the inside 
is left rough. The tubes just described are the 
ordinary brass tubes of commerce, and are sent out in 
lengths of from 12 to 18 feet. Having passed over the 
burner's fire, they are soft, and capable of being bent 
into almost any form without risk of breakage. 

The roughness inside the ordinary tubes renders 
them unfit for such purposes as telescope work, the 
tubes having in such cases to slide one inside another. 
Such tubes are drawn inside as well as outside, on a 
mandril, and by repeated drawing, annealing, and 
pickling, a beautifully smooth, thin, and bright surface, 
ontside and in, is obtained. Sometimes, however, these 
tabes ore hard and elastic, if great core is not taken 
with them in repeated annealing. 

The locomotive requirements of the present ^e have 
colled forth another make of tubea not iii'eQs.'C^TVj 
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attempted in broBs. Tubes with a eolderod eeam do 

not Btand the presBure of steam, and thorefore it became 
neoessory to draw tliem solid. Afl»r many attempts, 
this sucoeeded about the year 1838, since when they 
have beeu so largely made, that every engine rnnning 
on our railways contains some himdred and fifty of 
these tubes lu its boiler. 

Another form of tnbes, called " tapered tubes," 
attracted a great deal of thought and experiment. 
Many patents have been tahon out, and many failnrea 
have occurred. At last the object was attained 
moat simple manuar, viz. tbo sheets were cut to form, 
and bent round a tapered mandril, bound and soldered 
as ulreaily described, and then passed with an internal 
mandril through a thick draw-plate made of aoft metal, 
which yields to the shapo and gives the proper amount 
of pressure to produce a smooth outside, while the 
mandril keeps the inside all right. 

Common stair and picture rods arc made by drawing 
very thin tubes over iron bodies. This process imparts 
strength to the articles with a very small amount of 
brass. 

Fluted or reeded tubes are drawn through plates 
cut to the form of the flutation, and over either plain 
or cut mandrils. These tubes may be made square, 
triangular or otherwise in section. 

The twisted or cable form of tubes is made of very 
pliable brass by drawing through plates formed with 
the threads of the spirals, very much like nuta. They 
are otherwise made by stamping the flat strips, turning 
then) over, and soldering the edges together. 
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Omameiital tabes are produced in a variety of ways, 
but principallj by iiuprcBsing tlio pattern on the etiips 
of braes, by passing them throngh rollers which are cut 
to the pattern required. When the rollers are plain, 
patterned zinc is placed between two strips, and 
passed through the rollers together. In this way some 
beautiful patterns have been made from natural objecte. 
When BO impressed, the etrips are sent through, as 
already described, pickled in dilute sulphuric acid, 
BOonred, washed, and dried. 

When large quantities of thin brasawork are wanted, 
the founder reEorts to the procose of stamping between 
steel dies. The machine employed for this purpose 
Donsists of a heavy weight, which is let fall from a 
height upon the top die, the principle of the machine 
being nearly that of the pile-driving apparatus, so 
common at our docks and wharves. Taking advantage 
of the ductility of braes, impressions are thus easily 
m&de in relief, the chief cost being in the dies. Much 
of the braes stampings require deep indentations, and 
in such cases the procees must he conducted somewhat 
gradually to prevent cracking or rending. A series of 
dies is therefore used, and a number of brass plates 
acted upon at one timo. The process of ann^ling from 
time to time is also necessary, as the plotes get very 
hard by repeated concueaion. At each stroke of the 
hammer one or more plates are withdrawn from the 
loner, and oa many new ones added to the upjier part 
of the bundle of sheets between the pair of dies. 

Many articles require to bo stamped in pieces, and 
afterwards soldered in the manner described in making 
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tnbee ; aB, for example, balance weights for gas Inatrce, 
Tasos, pole eods, &c. 

The goods all leave the Btamping hall in the dis- 
oolonred state which they ohtaiu ia the process of 
umenliug. 

Having mentioned the leading processes for braes in 
lie rough, I shall now glance at a few of the principal 
methods for finishing the goods. 

Neiirly every article requires more or less^^inj. It 

B mostly done by hand labour mth ordinary float, 

bastard, and smooth files, of suiidry sizes. A few 

are of different shapes from those commonly found 

retail shop, Brass tubes and such like articles have 

for many years been filed by a fioat machine, as any 

plain or roimd surface can be acted on by it. Mid I 

strongly recommend it for its economy, whore it can 

[ be constantly employed. It resembles a little planing 

|-maohine, which, by the way, is in itself invaluable to 

\ KD extensive brass founder. 

As to biming, so much work of a mnltifarious 
\ nature is performed on the lathe that I must refer the 
reader to books treating of that subject alone. The 
brass fonndor has to perform all kinds of plain, 
spherical, and ornamental turnings, which necessitates 
a complication of lathes and tools. In the turner's 
hand the tool must never be allowed to rest, but must 
have a proper rotation and a correct inclination to 
avoid furrowing the work. 

In the lathes, too, the turner makes the screws on tfis 

goods, where required, by a peculiar kinrl of short- 

{ toothed steel oomb with a strong back. This condi ia 
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eaoBed to travel backwards and forwardB on the article 
operated upon till the screw is cut. The ordinary 
process of screwing by taps and dies is little used by 
the brass founder. 

The prooeea of gpinning ia very clever. By it, glaae, 
chimt, and tvood knobs and rosea are attached to their 
bnsB fittings. If the reader looks at a china door or 
shutter knob, he will, if unacquainted with this 
process, be puzzled to understand how the glass, 
ohina, or wood has been inserted into the brass. The 
bnsB mounting ia first farmed like a fiat saucer, into 
which the glaaa or other article is easily inserted. 
The articles being fixed in a lathe and set in motion, 
the workman applies to the thin edges of the saucer 
socket a certain amount of prossui'e by moans of a tool 
called a humisher. This pressure on the rotating 
body has the effect of turning over the edges of the 
socket upon the glass or china. Optical lenses ore 
often mounted in the some i>ay. 

The process is ostensiyely carried on with brass 
lock, shutter, and other knobs. These ore goaerally 
cast, each in two hollow pieces, and ore spun together 
so OS to form one united article. 

By the processes of ckastug and matting, sharpness of 
detail is imparted to the work, and the surface rendered 
more beautifuL The operations are performed by a 
number of little hammers and chisels, and are so well 
known in silver work that they require no lengthened 
deecriptioa in this place. Cheap classes of goods are 
not treated by either of these processes. 

BumitUiig is a process which imputB grett liutrD 
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to brasswork, ae may be Been on picture cods, polii 
The tool which ie UBed is of hardened bImI, 
polished as highly as possible, and round or elliptinl 
its face. This tool is kept moving along the enrbw 
of the brass in intimate contact and under considerable 
preeeurc, just as if the brass was drawn throngli ■ 
liighly polished Bteel die. To give facility and motion, 
it is lubricated with sour beer. Of course, the woik 
first requires to be fiuiahed as highly as possible 
before the burnishing begins, as any defects could not 
be corrected by the burnisher. A considerable portion 
of work is only partially burnished, so as to give relief 
to the " dead " or dnll surface ; as, for example, coitain 
bands, pole ends, stovo mountings, &c. The bumisbers 
must never bo allowed to get the least tarnish, and ore 
cleaned with crocus and oil, on buff leather. 

Polishing.— 'A. large variety of goods, such bb door 
and window platoB, mouldings, astrigals, ship work, &Ct 
is sent out of the brass foundry without any further 
finish than that of simple polish. The goods being 
well and smoothly filed and the file marks taken out 
by emery cloth, the work is rubbed up with crocus and 
oil, and finished with dry whiting or rottfinstoae. 
Whenever it is possible, this latter is dona on bnff- 
leather revolving wheels, which is better and oheapei 
than hand labour. 

It will be understood that this work tarnishes very 
rapidly on exposure to the atmosphere, and requires 
daily cleaning, for which a solution of oxalic ooid or 
polishing paste is the most ef&cacious. 

Sninzing. — To prevent the evetj-day casting of 
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biASB gooils, the trade lias long resorted to means for 

1 proteoting the aurfajje from the actiou of the atmo- 
sphere, the first plan of which is to force a change to 
take place. Thns, if brass is left in damp eand it 

I acquires a. beautiful brown colour, which, when polished 
with a dry brush, remains permanent and roquiiea no 

j cleaning. It is also possible to impart a graon and 
light coating of verdigris oa the surfiice of the brass 
by means of dilute acids, allowed to dry apontaueously. 
The antique appearance thus given is very pleasing and 
more or less permanent. But it is not always possible 

i to wait for the goods bo long as such processes require, 
and hence more speedy methods become necessary, 
many of which had to be fiirther protected by a coating 
of Tarnish, Before bronzing, however, all the requisite 
fitting is fisighed and the brass annealed, pickled in 
old or dilute nitric acid till the scales caa be removed 
from the surface, scoured mth sand and water, and 
dried. Bronzing is then' performed according to the 
colour desired ; for although the word means a brown 
colour, being taken fi'om the Italian " bronzino," 
signifying bum brown, yet in our commercial language 
it includes all colours. 

Browns of all shades are obtained by immersion in 
solutions of nitrate or the perchloride of iron : the 
strength of the solutions determining the depth of the 
colour. Violets are produced by dipping in a solution 

I of chloride of antimony, or of permuriato of iron. 
Chocolate is obtained by burning on the surface of 

■ the brass, moist red oiide of iron, and polishing with a 

^^|a{unall quantity of black-lead. 
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Olive-groon rosultB from making the enrfaee blaek 
by means of a soliitioD of iron and arBenic in muriatic 
acid, potiahiag with a Llack-Iead brnsb, aad coating it, 
nhcQ warm, with a lacqner composed of 1 part of lao> 
Tarnish, 4 uf turmeric, and 1 of gamb^^e. 

A etecl-grey colour ia deposited on brass from > 
dilute boiling solution of mnriate of arsenic ; and a 
blue, fay careful treatment with etroug hydrosnlphiteof 

Black ia much tised for optical brasswork, and is 
obtained by coating the brass with a solution of plati- 
nam, or with chloride of gold mixed with nitrate of 
tin. The Japanese bronze their brass by boiling it in 
a solution of sulphate of copper, alum, and verdigris. 

Success in the art of bronzing greatly depends on 
circumstances, euch as the temperature of the alloy or 
of the solution, the proportions of the metals used in 
forming the alloy, and the quality of the materials. 
The moment at which to withdraw the goods, the 
drying of them, and a hundred little items of care and 
manipulation, reqaire attention, which experience alone 
can impart. 

Laequeritig, — To avoid giving any artificial colour to 
brass and yet to preserve it from becoming tarnished, 
it is usual to cover properly cleaned brass with a 
varnish called "lacquer." To prepare the brass fof 
this, the goods, after being annealed, pickled, scoured, 
and washed, as already explained, are either dipped 
instant in pure commercial nitrous acid, washed 
in elean water, and dried in sawdust, or immersed in a 
1 part of nitric acid with 4 of water, till a 
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white curd covers the surface, at which moment the 
goods are mthdrawn, ivashed in clean water, and dried 
in sawdust. lu the firet case, the brtiss will be bright ; 
in the latter, a dead flat, which is usually relieved by 
bnmishing the prominent parts. Then the goods are 
dipped for an instant in commercial nitric acid, and 
well washed in water containing some argol (to pre- 
serve the colour till lacquered), and dried in warm 
sawdust. So prepared, the goods are conveyed to the 
laoquer room, where they are heated on a hot plate and 
varnished. 

The varnish used is one of spirit, consisting, in its 
simple form, of 1 oz. of shellac dissolved in 1 pint 
(imperial) of methylated spirits of wine. To this 
simple varnish is added such colouring substunccB as 
red Sanders, dragon's blood, and aanatto, fur im- 
parting riohneBa of colour. To lower the tone of 
colour, turmeric, gamboge, saf&on. Cape aloes, and 
sandarach are used. The first group reddens, the 
second yollows the varnish ; while a mixture of the 
two gives a pleasing orange. 

A good pale lacquer consists of S parts Cape aloes 
and 1 of tnnneric, to 1 of simple lac-varnish. A full 
yellow contains 4 of turmeric nnd 1 of annatto, to 1 
of lao-vamisb. A gold lacquer, of 4 of dragon's blood 
and 1 of turmeric, to 1 of lac-varnish. A rod, of 32 
ports of annatto and 8 of dragon's blood, to 1 of lac- 
varnish. 

Lacqners sufler a chemical change by boat and light, 
snd mnst be, therefore, kept in a cool place and in 
dark vessels. The pans in ose are either glass or 
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eartboDWftre, and the bmfiheB of camel'e hair mth no 
taetal fittinga. The goods must: not be heated beyond 
boiling point on tho hot plate, otherwige thej oxidiEe; 
and after Wqaering, thej are again placed on the hot 
plate, to harden the lacqner. 

The different prooeeses having been completed, the 
goods are fitted together and finished. 

Prieei. — Rough castings are nBooll; Bold at &om !*• 
to la. 6d. per lb. ; but if cored, from 2s. 6d. to 3i. 
per lb. Fiuifihed castings are rated at from 2s. Sd, to 
lOi., according to the amount of fiuifih put on the goods. 
Bronzing and lacqncring, or dipping and lacqneringi 
are usually charged at about Gd. per square foot of 
surface. Burnishing is generally charged by time. 

Wages. — The wages ordinarily paid to brass founders, 
per week of sixty hours, are, for castors, about 40». ; 
for moulders, 36s. to 40*. ; for fitters, 2Gs. to 32s. ; 
for chasers, 86s. to 40s. ; for millers and drawers, 30k. 
to i5i. ; for pattern makers, modellers, and designers, 
who are not properly brass founders, 30s. to 100s. per 
week ; for labourers, about 18«. These wages are in 
advance of those paid twenty years ago by about 25 
per cent. 

Application to Collateral Arte. — Brass is extensively 
used in a variety of manufac tores. The locksmith 
constrnctB many of his locks wholly of brass, and 
many more partiolly of that alloy ; as, for example, 
in jjodlocks, locks for cupboards, tills, desks, boxes, 
He also employs brass in his players, follows, 
plabiB, stricking platea, tB.Ti5ijift, viete«, wui W^ 
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The engineer mokes use of brass for nearly every 
jonrnal, for bearinga, for plungers, propellers, and 
gennral fittings. TLe plumber employs it for pumps, 
bath fittings, plugs, crojiks, &c. 

The optician, electrician, and mathematical inBtru- 
meut maker, for nearly ovory article which he manu- 
factures. Telescopes, microscopes with their stands, 
CMnera lenses and fittings, galvanic batteries and 
electric machines, ships' compasses, and bLEmacIes, may 
be named, as indicating the demand on brass. 

The stove and fender maker employs brass to relieve 
Bud give effect to his polished work ; while the 
musical instrument makor beats it into trumpets and 
sounding appliances. 

The makers of buttons and pins consume no small 
quantity for their small wares. 

The maker of gold leaf boats brass into thin leaf, 
known as Dutch leaf, which is employed as a substitute 
for gold in the process of gilding. 

The glass-blower employs it in a calcined state to 
impart colour to his glass. Blue and green colours 
are produced from unmixed calcined brass; while a 
red-yellow or chalcedony is obtained when the brass ie 
calcined with sulphur. 

The colour maker adds pulverized brass to several 
of hie compositions, and the ship-builder employs it 
largely for bolts, screws, and sheathing purposes. 

The cabinet maker adds great quantities of brass 
manufactures to his work, which ineludee in his every- 
daj roatine curtain poles, bania afli \iOtiVp,, ^lAassi 
rods, brass locks, Jiingee, buttons, tmg,a,'kKaS^'e*, t'i^^'^ 
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fittings, sash foetenera and lifters, casters, rollers, bat 
pins, and nails. 

The bell-Langcr bos nearly all his cranks and pnlla 
made of brass. The gasfitter employs it for hie gas 
lustres, brsckets, snn. lights, and generul fittings &nd 
connections. The wire-worker is an important 
Bunier of bmas wire for making wire cloth (used by 
paper makers), as well as for fire guards, cages, &a. 

The cord-maker is also a. considerable employer ol 
brass wire for tbo woollen mannfooturers' cards, and 
the bookbinder for clasps and corners of his bin 
The traveller' B-bag maker, bootmaker, and many other 
mannfacturers in tho I'omifications of industry employ 
it in their cvery-day vocations, and each year adds 
new applications to this, the most important alloy 
the world. 
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i TIN, TIN PLATE, AND TIN ALLOYS. 

By Wii.TEU Gbaham. 

Thk word lin has boon derived from tbe Saxon (an, 
which is evidently a corruption of ttan, an abridg- 
ment of the Latin word glannum. 

Tin plate and tinned plate are terms employed, to in- 
dicate iron plates whicb are covered over witb tin. 
Tin plale is nsod in tbe eame sense in iivbicb we speak 
of silver plate, as when a copj)er candlestick, toapot, 
or other article has been coated over with silver, or, 
in other words, plated, aud then callod silver plate. 
The aooond term, linned plate, is applied to tho tinning 
of an iron, copper, or other plate. 

It would appear that man was acquainted with tin 
almost as early as any other metal. No account of its 
disoovery is on record ; but its name occurs in very 
early writings as a metal in common use. The tra- 
ditionary forefathers of the Chinese are supposed to 
have known it, and banded it dovni to their sons, and 
it was certainly employed by the Egyptians, being 
mentioned along with other metals in the books of 
Moses, and repeatedly in the ancient Hebrew writings, 
nnder the name of Bedil. 

The history of the Kiceniciaas reveals the fact that 
II for over a thousand years before Christ they obtained 



w 

I 

I 

I 



ICO BlUTISIt MASUFACTUnrSG IJfDUSTSfES. 

tin from tho ancient Britons and from the Spaniards, 
In ftfter-dftys the Greeks, following the PhcenicianB, 
carried on a considorablo trado (as trade was then) 
that metal, and termed our islands Gaseiterides. 

For a long time the liomans endeaToured to discorei 
the market whence tho Greeks obtainad their tin, and 
having at length found their way to Britain, the whole 
conuuercuhl world soon became aware of the existence 
of the tin-producing islands. Indeed, the transactioiiB 
of the Rotnaus with their semi-barbarous inhabitantB 
are better known to ua than those of thu Phoenicians 



At that time tin was obtained in two ways. First, 
by washing the soil with water in a manner not unlike 
that which is carried on at present in some porta o 
the world for obtaining gold ; second, by picking oid> 
the ore from the strata by means of tools, such as wood 
and horn pickaxea, which were gradually exchanged 
for improved implements made of bronze, the result, 
of which was that deeper mining become more generaL 
At this period, too, we learu something of the mode of 
couveyanee then in vogue. The tin was carted to the 
coast, and thence in skin canoes to some port, w] 
was put aboard foreign ships. 

There is a term common in Devon and Cornwall to 
this day, which would indicate that at one time the 
mining operations of this eonntry were condncted by 
the Saracens. This term, Atal Sarasin, signifies that 
which has been left by the Saracens, and is applied t( 
snoh old mines as have been vrorked <iv.t or abandoned. 
To the BomaaBi perhapRj '^ft 'm:& vnft-^UA ^sre 'ftai 
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^^ocess of coating the insides of cooking veseelB witit 
tin. Both Bomans and Greeks at one time eilvorod the 
higher class goods of this description, and as tin was 
theo regarded aa ail'i'ep, plus sulphur, it was natural 
that it should ho euhstitutc<l on account of its price. 
It has heen supposed by some that the vasa ttannea of 
the RoDUins meant snch vessels as were simply coated 
with tia internally, and not solid tin articles, as the 
words imply. 

Abont the year 1240, a Comishman, who is said to 
have been banished from the country, made the dis- 
covery of tin in Misina and Bohemia, and the develop- 
ment of these mines was carried on with such energy 
that it considerably impaired the income of the Earl 
of Cornwall, brother of Henry III. A charter uf 
privilegea was obtained by the earl, laws aad taies 
were framed for the regnlation of mine prodnce, and a 
court, known as the Stannary Court, established, to 
settle all mining disputes. Cornwall thus became the 
centre of the tin trade, on account of its greater pru- 
ductivenesa ; though Devon, in former times, had been 
the principal mining district. 

Daring the sisteenth century the Gormans became 
large purchasers of tin in this country, notndthstanding 
their own production, and it appears that tbey em- 
ployed it in tinning iron plates, for the introduction 
of which we are indebted to Bohemia. On the other 
band, Britain became customers to the Cctmans iut 
llieir tin plates. They were very inferior, however, to 
diose which wore afterwards manufactured in England, 
aitbougb tbey paved tho way to \iettfit ftvva^*, XjsJust 
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ou the process of tinning iron plates was bronglit into 
Sftiony by a Lutheran clergyman, and the trade was 
Bttocosafnlly carried on in that country. 

In the year 1670, an Englishman waa sent into 
Germany to acquire the knowledge of tin plating, 
whence ho returned, bringing with him a number 
German workmen, and established the first tin-plating 
works in this country, in the Forest of Dean. At Qai 
[Miriod all the umelting operations of this country were 
conducted with wood or charcoal as fuel, although pit 
coal was substituted in 1680 by cither Pryco or Beecher, 
both of whom claim the application. The introduction 
of gunpowder for blasting purposes was another step 
toward the further development of the tin mines. 

In 1720, tin-plate works were erected at Pontypool, 
in Monmouthshire, and conducted with considerable 
success ; and in the course of events was followed by 
the opening of the Banca mines, is the Malay lelanda ; 
the commencement of the tin-plate works in France ; 
and the discovery of tin in India. 

A great improvement was introduced, in 1770, by 
Jessop and Hancock, in the composition of pewter, 
which produced increased brightness. The new alloy 
was called Prince's metal or Britannia metal, the latter 
a household word, which still holds an important place 
iu commerce. Nothing has over so much resembled 
silver or been substituted for that metal. 

But the great development uf the tin-mining districts 
is dne to the introduction of the steam engine. The 
ease with which water could be puiaped out rendered 
the situation of a mine of less importance than for- 
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merly, and bad it not boen for tbe eteam engine, the 
rolling mills, which were then etarted for the improve- 
ment of tin plates, would never have been succosaful ; 
indeed, from the begianing of this century tin-plate 
works have gradually spread all over the country, aud 
particularly in places where iron is made. 

In MonmoiitbBhiro, however, the tin-plate works 
almost ceased to exist, and their trade was taken up by 
adventurerg, who were little bettor than gipsies, iii 
Wolverhampton and Bilston. But this was the begin- 
ning of the tin-plnte trade in these towns — a trade which 
in tiie course of seventy years employed upwards of 
three thousand hands. 

Tbe following Table shows the progressive develop- 
ment of our tin mines; 
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1870 .. 15.M3t .. 10,200 

1871 .. 16,898 .. 11,320 .. £1,556.557 
1374 .. H.uaa .. 9,912 .. £1,077,712 



The Banca mines 


which according to b 


ome are 


the 


richest 


n the world 


produce about the si 


une quantity 


of tin OS 


they did twenty years ago, viz. ; 








In 1855 . 


.. 4233 tons of reaned tin. 






1860 . 


.. 5465 „ 








18B5 . 


.. 4554 „ 








1870 .. 


.. 4672 „ 








1874 . 


.. 4930 „ 
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From these and other mines, England putohased i 
1832, 700 tons; in 1855, 2487; b 1850, 2yil; in 1870, I 
4715 ; uid in 1875 no lesa than 16,774 tons, at a toIqs 
of l,453,901i. 

These purchases were rendered neoeasary on aoconnt I 
of the increa§ed demand at homo and abroad. 

Our home consumption, in ronnd numbers, has been i 
about as follows : 

la 1832 3,200 tans 

iaS5 6,000 „ 

ISeO 6,300 „ 

1870 8,700 „ 

1872 U.SOO „ 

Our exports, whicb are mainly to France, United ' 
States, Russia, Turkey, &c,, were : 

In 1832 2000 Ions 

1955 2487 „ 

ISeO 2911 „ 

1870 4715 „ 

1872 8342 „ 

1875 5222 „ 

At the present time there are but few more mines st. 
vork than there were twenty years ago. The largest 
number over in operation was 174 ; but many of these 
were opened by unprincipled speculators, who launched 
a quantity of bubble companies, in order to fill their 
own pockets at the expense of the public. Confidence 
was soon lost in these speculations, and many who 
were formerly well to do lost their all, for the Stan- 
nary Court ordered payment in full of the shares. By 
the year 1SC8 the number of miuea at work was re- 
duced to 109, though they increased in 1871 to 145. 
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Tin varies ytry mucti in price, and in a single year 
may rise or Ml 30/. or 40Z. The average prices 
during this centniy have been, per ton : 



The amount of tin plates mauufacturod throughont 
the country ia unknown ; but tho eiporte in 1875 
amounted to 138,563 tons, the value of which was 
3,691,382i., sent chiefly to the United States, Australia, 
North America, and France. 

The average prices of thoae plates in London, per 
box of 225 plates 13£"xlO", and weighing 1 cwt., 
were in 

"1832 1857 1860 1865 1870 1872 1874 
Ic. OharooBl 39/ 40/ 31/6 29/10 28/10 29/8 37/6 
Ic. Coke 32/ ai/l 25/10 24/5 24/1 25/6 29/11 

Properliet. — Tin is a metal with a specific gravity of 
7*3 ; lighter than iron, and heavier than zino. It is 
iBomorphotis with the metal titaniiun, but diflere from 
it in not being brittle. It is malleable, ductile, and 
teoacioas, is capable of being scratched by calc spar, 
and is a conductor of heat. Under an increase of tem- 
perature from 30° to 212° Fahr, it expands ttt^'* V^''^ 
of its length ; melts at 124°, and above that heat 
rapidly oxidizes. 

In general appearance it is whi^, approaching silver, 
and has a metallic lustre, emits a crackling sound on 
being bent, has taste and odour on being warmed, with a 
tendency to crystallize, and combines with other ele- 
ments of nature in the fixed proportion of 118, hydrogen 
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being 1. Commerciivl tin is never pure, but always 
conUinB arsenic, at least. It ia scarcely aSect^d by 
pure water or air; disBoIvee readily iu hydrocMoria 
acid with eyolntion of hydrogen gas ; is acted on witli 
great energy by nitric acid, and ia converted into ft 
white hydrate of the binoxide of tin. Sulphnretled 
hyilrogen in acid or neutral solutions of tin &rowH 
down a brown-black precipitiite, soluble in liquid 
potosaa. Ganstic potaeh gives a white precipitate, 
readily soluble in an enccBS of the precipitant. Am* 
niunio, carbonate of potash, and soda, also yield white 
precipitates in tin eolutions, insoluble in excess. 

Tin Ore. — The ore from which tin is obtained is an 
impure peroxide. Locally, it is called tin-stone, and 
in of a brown or black colour, though occoBionally grey 
or yellow. It is found in the voins or fissures of the 
primary rocks, particnlarly the mica slato, though also 
in granite and gneiss. These veins or lodes generally 
run from east to west, and dip north to south, having 
branches from the main lines ramifying in all direc- 
tions. The veins are often not more than 3 inches 
thick ; but if the ore is good, that thickness is well 
worth working. Good ore should yield 70 per cent, of 
tin ; but if it iB under 30 per cent, it is regarded oa 
worthless, as it will not pay for smelting. 

Tin is also fonnd in allnvial deposits, which are 
termed sholes or streams. These deposits contain very 
pure granulated particles, from which is mode the beat 
commercial grain tin. 

It is also found in the form of b pyritea^a sulphur 
compound ; and although yielding 26 per cent, of tin, 
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IB not used for redncing into commercial tin, added 
to wliioh, it is not very abundant. 

The tin-Btonee from the veins, or the particles from 
the allnvial dopoeits, being collected, are well wai^hed 
in water, and, if required, broken into fragments, and 
separated into heaps according to their richness. The 
ore ia then subjected to a crushing process in the 
stamping machine, by which it is reduced to powder, 
again well washed in water, with considerable agitation 
of the particles, so as to get rid of as much foreign 
matter as possible. Some of the ore can be directly 
passed into the burning house to bo roasted-— a process 
which takes twelve to eighteen hours — in a revcrbera- 
tory furnace, to free it from sulphur and to obtain from 
it its arBenic, In this process the charges eonsist of 
half a ton each, and the arsenic is condensed in col- 
lecting chambers connected with the flues. 

When the ore ceases to give off further fumes, it is 
raked out of the furnace into a pit for cooling, and 
ia afterwards washed with water. Should it contain 
wolfram, it is treated with carbonate of soda in a rever- 
beratory furnace, and this results in the formation of 
tnngstate of soda, which is soluble in water. The tin 
is thus freed from the wolfram by after washing, and 
the HaJt of soda obtained for a mordant by evaporation 
and crystallization. 

Bedadng. —Tho ore, whether treated thus or not, is 
now ready for reduction ; the furnaces for this purpose 
either reverberatory or cupola. If the former, 
the charge conaieta of 1 ton of ore, IJ cwt. of small 
coal, and a little lime, all thoroughly mixed. So 
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Iciurged, the fitrtuico is kept mtder red heitt for six or 
(light hours undisturbed, at which period the experienced 
opemtor can tell if the process is complete. If it is 
not, he will continue the charge, and when flnished will 
nin off the slag, the tin itself running into a pan, beiag 
Bkimmod, and then formed into bloclts or ingots. In 
this state, howoTer, it ia very impure, and contains 
much of other metals and foreign ingredients, whidi 
have to bo removed by the refiner, 
flf/iiii'ni;.— The blocks or ingots from the smelting . 
process are placed on edge in a roverberatory fumac^ 
and the temi)erature so arranged that the tin melts and 
runs off gradually. Wlion run off, a great deal of refuse 
nill be found on the hearth, which is removed and 
esamincd, in case it may be worth after-treatment. 
The metal which is run off is kept in a state of ebul- 
lition for some two or three hours, by either burning 
bbicks of wood in it, or by tossing it in the pan which 
contains it. When the time has elapsed, the metal i§ 
allowed to settle, and will be found to consist of threo 
qualities : the top, or the purest ; the middle stratum, 
or the tin which is less pure ; and the bottom, which 
is so impure as to require further refining, and has to 
I be sent back to the furnace. The first two qnalities 

are run into ingots for the market, and this ends the 
refining process. 

AppUcalionn of Tin in Manufacturet. — First, in the 

solid form, tin is employed in the manufacture of pipes 

r tubes for conducting gas, a trade which, it is almost 

needless to state, has arisen since the introduction of 

g for illuminating purposes. These tubes are made 
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citliBr in lengtliB of 12 to 16 foet, or of 40 or 50 feet. 
The ahort-lcngtli method is etill in use, and consists of 
drawing a cast pipe, which is 2 foet long and half inch 
thick, through a aeriea of draw-plates, each a little 
smaller than its fellow, till the proper size is obtained. 
The internal gange is kept right by tbe mandrQ on 
which it is drawn. The bench on which the drawing 
process is conducted is twi tl 1 gth t th tended 
tabe, and about a foot b d w th dl chain 

running on half its suif d tm^hlw. In 

the middle of the bon h th t k f th dies or 
draw-plates. Tho cast t be pi 1 n th m ndril, 
and the latter attached by art 1 t nnl k a pair 
of nippers, which in its turn is fastened to the endless 
chain driven by hand and steam power. As the tube 
is drawn through one die after another, it is lubricated 
by a wash of soap and water till completely formed. 
The second niodo of making tin tubes is based on 
Eanson's patent of 1837, and consists of pressing warm 
castings throngh a mould by hydraulic pressure in such 
quantity as to make a coil of tubing. 

The only other manufacture that I shall mention of 
the solid form is that of tinfoil, used for silvering 
mirrors, &c. This is made by hammering thinly rolled 
plates to about TuViit^ "f ^^ iach thick on an anvil. 
The process requires care and skill, as the hammerer 
is very apt to moke boles in the sheet. 

Secondly, in the plated form, tin is used for coating 
or plating the surface of other metals. Thus, in making 
tinfoil, it is now more usual to make leadfoil, and give 
\ with tin, and in this form it ia sold 
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M *Tfm It is oleo the cnstom of this and other 
M^ateMi to coat the intcmal surface of copper and 
ittm fi9fV"g veeeelfi with tin. This is aocomplished 
tf tat eteunsing the veeaels tritb acid, as well u 
wtt Mod and water, washing in a eolation of Bal- 
— aaia and afterwards with sal-anuaonia as s flai, 
bgaling tin within theTetteel, and epreoding it carefoU; 
vrcr the whole surface, pouring off the surplus tin, and 
wvU washing the Tessel with water to free it &om all 
tMcings of the Bal-ammonia. 

The same principle of tinning is largel; adopted in 
randrj iron goods, as cornice brackets, meat hooks, 
roller furniture, harness fittings, tacks, and the like. 
TIm only difference between the processes is, that these 
goods are coated all over by placing them in a revolving 
Ameware veBsol over a fire to melt the tin. 

Sj hi the largest application of tin in the plated 
Am ■ that of tinned plates. The iron plates, properly 
e bent in two like the letter U, and dropped 
h of dilute mnriatic acid, where each plate 
• minutes or so, according to the strength of 
The bath commonly consists of 8 lb. of acid 
e of water, and this quantity is supposed to 
thousand sis hundred plates. When 
ft the bath, thoy are placed in a red-hot 
Mftle or firee themaelves from oxidation; 
My sre cooled, straightened, and passed 
fcrf highly polished rollers under con- 
I, which imparts their peculiar and 
They are next placed for a 
dwith bran, and then pickled 





TIN, TIN PLATE, AND TIN ALLOYS. 171 

4w an hour or two in dilute aulphiiric acid, kept in 
agitation, and warmed by a flue under the pickle tub. 
The plates are now scoured with sand and water, and 
all traces of acid removed by washing ; then put into a 
Tat of molten grease, where they remain for at least an 
hour, when thoy are taken to a vat of liquid tin, and 
left there for an hour and a half, the tin being hept hot 
byraeaas of n flue. Ou being taken out, the plates are 
alloived to drain on a grating, dipped in very hot tin, 
and brushed over till it is nearly all removed. Another 
momentary dip is now given them in very hot and very 
pure tin — grain tin, by preference — which completely 
coats the plate with rather more tin than is required, 
the surplus being removed by immersing the plates in a 
vat of molten grease, care being token tliat the latter 
is not BO hot as to discolour the tin. The plates are 
now tinned ; but tboy are found to haye a thick border 
along the edge which has been placed downwards in 
setting. This border is surplus tin, which is removed 
by dipping the edge into a shallow bath of hot tin, just 
sufficiently deep to cover it. 

Finally, the plates are put into dry bran and well 
rubbed with hards, till the grease is completely re- 
moved, and the plates present a silvery gloss. They 
arc then packed into boxes of hard wood, which are 
branded with a. mark common to the trade, indica- 
ting the character and strength, &g^ of the contained 
plates. 

The number of plates in each box varies from 100 to 
450, and the weight of each box from 98 lb. to 252 lb. 
The sizes of the plates are from 123x9itol6Jx 12i 
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inches, althongli of late years fnll-sizod iron plates ItaTC 
been tinned, and are uav in tbe market. 

Fall-Hi2cd iron plates (i. o. 6 ft. x 2 ft.) are also 
tinned for tho purpose of afterwards galviiuizing ; but 
it iR asnal to deposit the tin, in this case, by the elec- 
tiotype process. 

Tin-Plate Worhng. — Most of the manntactiired tin 
'«aroB common to every honeehold are made from the 

itaa just described, although some are tinned after- 
wards. The art of the tin-plate worker depends more 
on manual dexterity, than oa a large variety of tools 
and appliances. His tools are few aoA simple, and 
may bo embraced in a short catalogue, Buch as steel 
heads, anvils, sivayes, polished hanmiers, moUets, shears, 
soldering bolts, bending rollers, compasses, eqnares, 
wooden blocks, and benches. Of late years ha has had 
tbo advautago of the stamping procoee for raising many 
articles, which he formerly raised by moaos of his 
hammers. If he has a knowledge of practical geometry 
and geometric drawing, be soon acquires the highest 
point of skill, for very much time is gained by a rapid 
BOtting or drawing out of his work on the surface of 
his plntos, and especially if his work consists of 
rectangular and figured goods, such aa pyramids, cones, 
and the like. This will appear more etriMng, if wo 
coll to our recollection the variety of gooda thus 
manufacturod, viz. lanterns, of a hundred shapes and 
forma, boses for travelling, deeds, stores, bonnets, cash 
and spices, jolly shapes and melon moulds, ice moulds 
and paste cutters, cnke pane and cooking sundries, tea 
uid coffee pobi, kettles, pots and pane, pails and 
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flagonB, candlesticks, reflectoFS, funnels, bowla, cans, 
basins, etraiserG, graters, dustpans, and toys, not to 
speak of packing cases, of which an endless quantity 
is made in every manuiacturing town. 

Tin goods aro often plcnished or hammered with 
poUahcd hammeTS on polished anvils till they acquire 
a beautifully smooth and silvery surface. Qoods of this 
nattue are called " block-tin goods." 

The edges are commonly wired, that is turned over 
ft wire, BO as to give strength to tho vessel. In uniting 
sheets or edges together, solder is used, fluxed with 
resin or muriate of zinc. The stampers employ a 
large number of tin plates for coflin furniture. 

Tia Alloys. — The most common series of tin alloys 
is that in which tin is united to copper: details of 
which will ho found in the article on Brass Founding, 

The next important series is that in which lead is 
mode to unite with tin, " for the safety pings of steam 
boilers, in order that the fusion of the plug, and the 
consequent escape of the wator, may occur when the 
steam exceeds any predetermined pressure, dependent 
on thermometrie temperature." Tho following ate 
selected from one hundred and two different alloys 
enumerated by K. Gaulthior Do Claubry for the 
purpose: 

1 piut of tia (o 4 of lead melt^ at 500'^ Fahr, 
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Still lower temperatures are obtainable by adding 

bismutb to the alloy. It has long been a common trick 

make toaBpoous of an alloy composed of 3 parte tin, 

fi of U'ad, and 8 of bismuth, which of course melte when 

hot tea, a fact which Burprisea the ignorant 

md gives amusement to the better informed. 

Pewter is a tin alloy, of most imcertain compoaition, 
and bus been stated to be of 20 parts of tin to 1 of 
copper. Elseirhere it is regarded as on alloy of tin 
Knd lead ; while a third work orders 2 parts of tilt 
to be fused with one of copper, and the result added 
to 3G0 lb. of tin. 

The pamphlet published by the Pewterers' Gompauy, 
17T2, allows lead to be used in three proportions. 
Ist, or best, in such proportion, that if the same 
article is made of tin as is mode in pewter, 
the cue will be to the other as 182 is to 
183J in weight. 
2di1, or mid quality, is allowed to bear the pro- 
portion of 182 to 185i. 
3rd, or worst quality, is allowed in the proportion 
of 182 to 198J. 
The French are said to employ 18 per cent, of lead 
their pewter wine measures. 

Pewtervesselswere formerly in every household, bat 
now mnch replaced by earthenware and Britannia 
tal. The goods of this alloy are mostly formed bj 
casting or hammering, and chiefly consist of measures, 
jugs, salts, peppers, and plates. 

Of all the substitutes for silver none has equalled 
Britannia metal. The seat of its manufacture is Sfaef- 
Seld, and the output at the piesoot toaa \b -fvjU^ doTiblc 
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that of thirty years ago, consisting cbioflj of tco and 
coffee pots, kettles, candle sticks, measures, and spoons. 
It is composed of 42 parts of tin, 8 of antimony, i of 
' copper, and 1 of zinc. The components are melted 
separately, poured together and properly incorporated 
in a cast-iron pot. That being done the mixture is 
run into ingots, which are either used for casting 
goods, or cast into slabs of 15 inches x 6 inches x 1 
inch, for converting into sheet metal. 

The cost goods are chiefly kuohs, bandlcB, and 
spoons, the latter being often strengthened by an iron 
rod or wire in the stalk. 

The slabs are passed bctireeo highly polished rollers, 
and kept as much as possible to the width and thick- 
ness required. The alloy becomes very hard in the 
rolling process, and the ends look ragged. The sheets 
80 made are cut into shapes adapted to sundry require- 
ments, and are either stamjied between steel or brass 
dies, or spun in the lathe. 

The stamped work is dressed, and as most of the 
work in Britannia metal is manufactured fay uniting 
several pieces together, the pieces are properly fitted 
and soldered together to form the articles intended. 
Teapots and the like are not stamped, but fixed to the 
chuck of a lathe, and by means of proper tools turned 
over upon wooden moulds, which process is called 
spinning, and is not imlike the spinning process of 
the potter. 

The goods after being made are very unseemly, and 
require the transforming power of another class of 
workers. They are first washed in boiling water with 
I supply of soap, and then biiffei vi^tt). ■si. ■issA. 
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IvUenBtoue on tbe lathe. The last proceee is that of 
bftud pulishiug by female labour, which impartH an 
MlonialiTiig banushcil appearance to the goods. 

ApfiUeaikmt U> Coltaleral Arts. — Tin is the substance 
from which the raanofacturer of putty powder deriTcs 
bis raw inftl«riaL The more common qoalities of pntty 
powder are made by skimming the surface of boiling 
lin, freed from foreign matter, well washed and ground, 
The finer sorts are manufactured by dissolving the 
tin in dilnto aqua-regia, and precipitating by dilute 
unmonia. This precipitate, which is the oxide of tin 
or patty powder, is well washed and dried, and is 
otherwise knuvni as butter of tin, and is poiRonoDS. 

Sloeaie gold is a substitute for gold powder, and ia 
prepared by nniting tin with sulphur in the following 
toanner : 12 parts of tin, 7 of sulphur, and 6 each of 
mercury and sal-ammoDiac, ore placed in a glass vessel, 
and exposed to a low red heat tUl sublimation is com- 
plete, when the bright gold-coloured scales remain at 
the bottom of the vessel. 

Tin is also largely employed for dyers' mordants; 
and I have already shown how tungstate of soda is pro- 
docod from the tin ore for this purpose. The sulphates, 
muriateB, and murio-sulphatea are employed for fixing 
reds, crimsons, scarlets, pinka, and yellows ; while in 
combination with bichromate of potash and oxalic acid, 
the salts of tin are used for fixing blue colours. 

In medicine, tin is employed as a cosmetic, an d alflo 
I as an anthelmintic. 
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Derivation. — The word zink is used by tho Germans 
for zinnig, which they derive from zinn, tin; aad 
ahniich, resambling ; aud may therefore be translated 
"a tin-likQ subataaco." The commercial blocks or 
ingote of zinc nro known &s s^HjIter, from the German 
■ptonter; while in India, whence it was obtained, it is 
called lulenag. The oroa are known as cfilomino, lapis 
cftlammaris, bliick jack, &c. 

fliisiory.— Atwbat time tho ores of zinc became known 
to the aucionts it is impoeaible to learn. They were, 
however, in nso am.ong tho Chinese, Greeks, and tbe 
RomanH, who were, however, unaware of their composi- 
tion, and it was not till 1230 that they began to be 
noticed by European writers. 

In consequence of their abundance, the redaction of 
them to metals (You Swab was the first to reduce 
black jack) became established before the middle of 
the eighteenth century, and by this time it was nndei- 
etood that the "tutenag" of the Indians, and the 
" epianter and zink " of the Germans, were one and the 
nme article. The English took to tho manufacture, 
lad made use of the diucorery of Von Swab. 
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Up to the beginning of the present century zinc was 
only manufactured for eonverting copper into brftss, 
and was regarded as a aemi-metaUio stibstanee. In 
1805, under the patent of Hobeon and Sylvester, the 
metal was produced in the form of alieets through the 
application of heat, and iu an after-patent of Sylvester, 
the new property was considered eo important that it 
wttB at once applied to the sheathing of veraels, the 
liniugof houses and roofs, making ridge-plates, eavings, 
and pipes. 

The voltaic action, of zinc became the subject of 
much inquiry, and Sir Humphry Davy refers to it ii 
his "Inquiries into the Best Methods of Froteoting^' 
the Copper of Ships' Bottoms." 

In 1825 it advanced ia price &om 221. lOs. to< 
41?. 10s. per ton, through the speculation of Beid 
and Co., and at the ssmo time the importation of 
tutonag from India ccaaod, the English having five 
or sis years previously introduced Gorman spelter into 
India to compete with that which, they now learned, 
had come from China. 

In 1830, a nuwked increase appears in the homer 
consumption of zinc. Five years previously it vnt 
only 171 tons, while in 1830 it had advanced to 843 
tons, and in five years later had reached 8205 tons. 
Abroad, too, it had come extensively into nso, largs 
quantities of corrugated zinc plates, 14 X 12 inches, 
having been placed on the Jardin des Flantos. From 
this time the amount gradually increased, being ill 
1840, 4181 tons ; in 1845 (the year in which the duty 
vm abolished), 7495 tons ■, and in 1850, 11,262 tonft 




In 1860, the consiiiapti( 
world was thuB CBtimated: 



L of ziao thronghout the 



Ingot spelter 


.. 23,000 


Sliaeta fur building purpoflea .. 


.. 23,000 




.. 12,000 




.. 3,500 


., packing CHBea.. .. 


.. 2,500 


Btamped work 


., 1,500 


„ fluudries 


1.500 




67,000 



Altbough our fathers OKpected to save the total 
importation of zinc by manufacturing it in this country, 
it has become bo important in the arts and manufactures 
that wc have been unable to supply our wants, as may 
be seen from the following Table: 



1825 


5556 topa 


In 1845 


12,903 


1827 


5999 „ 


IS50 


18,626 


1830 


4422 „ 


1860 


23,481 


1835 


C500 „ 


1870 


28,775 


1B40 


4965 „ 


1872 


27,281 


1842 


5500 „ 


1875 


22,719 



Thus we are importing five times more now than n 
were fifty years ago. 
Our total exports were : 



1825 


6112 tons 


In 1845 


3,084 


1827 


6929 „ 


1850 


4,537 


1830 


3479 „ 


1800 


9,482 


1835 


3943 „ 


1B70 


. 10.338 


1840 


4091 ,. 


1872 


5,081 


1842 


1900 „ 


1875 


4,896 



Theeo figures show a very erratic condition, which 
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is perhaps ezplainod by the competition eziBtiiig 
between other ooantries and onraelvea in tbe fondgn 
trado. 

The price, per ton, of spelter daring the last fifty 
jem laaj bo stated as follows : 



1S40 



211 



ISll 


£ £ 
23^ to 40 


1M42 


24 to S0 


iSlS 


15 to 22i 


IH50 


17 


IS55 


23i 



SH4 



Properliet.^-Zitic is ii bluish-white metal, of 
aidenible lustre and crystalline structure, euBceptiblB 
of polish. In ingots and castings it is brittle, tboi^ 

tough in shoeta, and has a specific gravity, in cast 
of 0-8 ; and in sheets, of 7-2. It ie fusible at 773° 
Fahr., while at temficraturea between 200° and 300° 
Fahr. tlio brittle siibstanea becomes ductile, and 
nialloablo in a marked degree. At 400° Fahr. it it 
brittle that it may bo reduced to powder, and at red 
heat it boils and volatilizes, burning in the presence of 
air with a grocuish light. In a state of fusion it unitea 
with copper, tin, nickel, &g., and foi'ms alloys, ite oom.i 
bining equivalent being 65. 

Zinc is more tenaciuua than either tin or lead, and' 
is a better conductor of heat undor tbe influence 
which it contracts and oxprvuds in a less degree than 
any other metal. At ordinary dry temperaturee it 
taruishea very slowly ; though time, calcareous water, 
and smoke from, wood fires, rapidly destroy it. I 
I soluble in dilute acids, with evolution of hydrogen 
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I and is precipitated hj caustic potash, soda, ammonia, 
sulphide of ammonium, or feirocjanide of potsssiom. 
Impure zinc, oi zinc in contact with iron, will present 
block spots or boles, showing signs of decay, 

Ore4. — The largest amoimt is obtained from the ore 
known as black jack, blende, or sulphuret, which is 

\ found in Englo&d, Scotland, Saxony, Cai-intliia, and 
other EoTopeaa countries. It was long used in Wales 
for rood metal, its real valiio being unknown. By 

^^palysis it produces ; 

I The ore is found in rocks of all ages, generally 

associated with lead, though sometimes with tin, iron, 
copper, and silver. It is either massive or eiystallinc, 
cleaTCs parallel to the faces of the dodecahedron, is 
generally of a dark blown colour, with a specific gravity 
of4-0to4-8. 

The ore known as calamine is obtained in England, 
Siberia, and other European countries, and wao 
formerly employed with coppui' to make brass. By 
uulysB it prodaces : 



vith sUicato of zinc, and in 



Zino 68'48 

Sulphur 23-16 

Iron 8-08 

Dtoas 0'28 



W: 
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found massivo or in crj'stallized psendomorphic fbrma. 
It has either a brown or yellow colour, cleaves pftrallel 
to the faces of the rhombohedron, and has a Bpecific 
gravity of 4-1 to 4'45, 

There are, besides these ores, the red oxide, tiie 
■ilicate, and the sulphate of zinc ; bat they are lees 
abundant, and do not possess the commercial importance 
of the preceding ones. 

Treaiment of the Ores, — The ores having been mined 
and brought to the surface in the nsual way, are first 
subjected to a process of hand picking, to free them 
from as much foreign matter aa possible, and are then 
roasted at a moderate red heat in roverheratory furnaces, 
for the purpose of abstracting the sulphur from the 
blende, and the carbonic acid from the calamine. The 
substance which remains after the roasting is an oside 
of zinc. It is now necessary to remove the oiygen and 
obtain the zinc — & rather expensive process at the 
present day, as it requires 11 tons of coal to obtain 
1 of zinc. 

The oxide is mixed with coal, and ground nnder a 
pair of edge rollers. The mixture is placed in large 
crucibles, about i feet high ; each cmcible ha'ving a 
central iron tube leading from the cover, through the 
bottom, to a watai cistern placed some C or 7 feet und^ar 
the furnace hearth. The crucibles being filled, are 
covered, luted, and placed in a dome fm-nace, with a 
cone (lite that of a glass work), and are surrounded 
with fuel, and kept at an intense heat for several hooTB. 
The carbon from the coal unites with oxygon from the 
zinc, and the zinc is set free, passing down 
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tbrongh tlie iron tube, condensing on its way, and 
dropping into the water of the cistern. Care must be 
taken to clear the condensing tubes from time to time, 
as they arc liable to get choked. The zinc collected 
from this operation is melted in iron pota, and rou into 
ingots, forming the " spelter " of commerce. Not more 
than five charges can bo taken from a fnmoce in fonrteen 
days, and tho amount of zinc obtained from tho ore, 
although Bometimos as mnch as 40 per cent., is on 
the whole not mnch over 25 per cent. ; but, as a rnlo, 
the high cost of production, and tho low price of 
the metal, from foreign competition, render the manu- 
facture of zinc in this country unprofitable. 

Mollmg.- — Zinc ingots are made into sheets by simply 
heating, and rolling between pairs of large roUs, just 
as in making shoot iron and brass. 

Foil and wiro have also boen produced &om this 
metal ; bnt perhaps its largest application is in the 
plating of sheets of iron, commonly known as galvan- 
izing. 

Qakanhing. — This process was patented by Mr. 
Craofnr'd in 1837, and consists of preparing the iron by 
cleaning in dilute acid and scouring, till all oxide is 
removed ; it is then well washed in clean cold water 
and dipped in a bath of molten zinc, covered with a 
thick layer of Hol-ammoniac. The dipping is repeated 
several times, and whoa sufficient zinc has adhered to 
the sheet, it is thrown into cold water and afterwards 
wiped dry. 

Wire is galvanized by passing it through tho same 
bftth, it being let down at one end and rolled np at tho 
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other. Nails are thrown in, left for a minute, shovelled 
out, and shaken till separated, the zinc eoldering them, 
as it wero, together. Heavj work is apt to chill the 
sine in the bath, and therefore roqaircB to be heated 
before immersion. 

After the foregoing patent, come that of Ur. 
HorowDod, which confiisted in galvanizing plates of 
iron, which bad previously been tinned hj electrotype. 
Ur. Morewood followed up bis first patent by others, 
to improve and extend his process. 

By the amalgam process of Mr. Mallott, iron is coated 
with zinc, by immersion in baths ; first, of ctjual parts 
of muriate of zinc and sal-ammoniac in solution ; and 
■ecoodly, of 50^ parts of mercury to 323 of zinc 
(HgZn*J in a molten stoto, viz. about 680° Fahr. 
This amalgam has a very strong affinity for iron, and 
should contain little sodium, not more than 1 lb. to 
1 ton of the alloy. 

Alloys. — The principal alloy formed by zinc is that 
Imown as hraai, which furmH a separate article, and 
need not therefore be recapitulated here. 

Another is that of German silver, otherwise known 
as eleutrum, British plate, albata, &a. The commoner 
qualities vary in proportions, but may be set down 
as consisting of 7 parts each of zinc and copper, plus 
1 of nickel; while the better qualities may be re- 
garded as compoEed of 2 of ziao, 4 of copper, and 
1 of nickel. This alloy has been largely used in the 
manufacture of spoons, fori^, drawing instmntents, mid 
harness furniture. 

The white copper of China is looked npon ao amctiy | 
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ttie esme ae our GSerman silver. A similar alloy in 
need in the East ladies for making all sorts of atonsils, 
and coneists of equal parts of zinc and copper, with a 
small proportion of lead and tin. Tho goods mode 
from it are known as Biddery ware, from the name of 
the town in which it is manufactured. 

Applications to Collateral Arts. — I have already spoken 
of the wi Je-sj)read application of zinc to houao-buildiug, 
such as roofing, ridging and guttering, facing walla, 
fumiahiiig fiiiop fronts, and making sundry ornaments 
and decorations. 

I have moreover stated that zinc and galvanized iron 
are used in the placo of copper and brass for sheathing 
ships, a practice considerahly resorted to ia this and 
other countries. 

Zinc is also employed in making a cheop imitation 
of silver powder, for bronzing purposes, as well as by 
the engraver, instead of copper ; so that we have zinc- 
plate engraving instead of copper-plate. The work 
executed on zinc is, liowever, far from being so sharp 
or perfect as that on copper. 

An interesting nee has been made of zinc by the 
farmer, who makes his cream in zinc vessels, which is 
said to result in a net increase of 12 per cent, more 
cream than if made in vessels of any other substance. 
In 1832 the subject occupied the attention of the 
Society of Arts, in the ' Transactions ' of which will 
be found much to interest those desiring further 
information. 
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than thmj-thne yan PHnciiwI Wiiting MoeWr and 'I'mcher of Boofc-keepliig 
ta Ihp City of Lcmlm Sdiool. Fonrlh Edition. Rsviaed and onlmgal to 
Uisn WiLUAK MuLi, F.LA. Demy Era. dnih. W. Sd. 



VlaiHtan 




n AUBTRiUAN PABSOHAOE; sc, Ihi! ( 



MUI.HA1.I..— HANDBOOK TO THE RIVER PLATE REPUBLICS : i 
H^pnbllca u£ Uruguay and Famgiuy. 



leiiofl AyrM *nd the ProyinwH of the Argentfai? Repnbli«. an 

, .. .. ,. n„ .. „ .-,, t, y_ SlDLF--- 



c 

Edward Stanford, fifi. Charing: Cross, Londcm. 



KOBI.H.— DESCRilTIVE HANDBOOK OF THE CAPE COI.ONl 
dlOun >nd Rr^arcea. By JoFfR StIBLS. UtrlE -! 1)10 H;IIIK o! AiBB 
DfGuoilHope. With Mup <uh1 Uluttnitlims, CroWD Svu, duUl, IIU. 

PjUJCBR,— Tho OBDSANCK SOItVET of ihe KitJlSliOM! I 
UodearUiKngun, HI8U>t;,iuii1 I'ruKm Omdillun. B; CBpisin U. 
ILK. n™ CuLuured Indel Msps. Demj Sto, clglh, U. M. 

PHIUOT.— GUIDE BOOK le the CANADIAN DOMINION: 

"■ ' ■' 'ir Ok Binlgraol, IbH TonriBl.1' " 

, _iBTKi J. Philpot. M.r "•' 
Hutua BoEBu. Em).. M.P.. i 

FOOB BBLIBF IW DIFFEBBNT FASTS OF BXJHOFB; 

WWCD Olid die Armmgeseugebnpg In EurDiaiBii™ SUalcD heralUKegelMti,' 
Ton A. t^mmlDgluus. RevlKd bf ]£, B. KisivicK, CJ), U.P. Crguiu Hvo. 

BAKSAT.— FHYSlCALUEOLOOYuidGEOGKAPHyurOREATBKITAIN. 
Bj A, C. RiBsiI, LLJ), F.ltS, tc Idroctqr-OMieral of the Oeologlal 
Snrvi^i or (be OoSlei KiaedonL FourUi EdIUim. unildF»bU nlanHi ■"■d 
IllUitmled wUb Nuhiaodx BtL-noMS and ■ GK01X>QICAL HAP oC dRKAT 
BKITAIN, prluUdlnCuloun. P«t Bvo, rloUi li. fi:!. 

SOBSON.—CONSTBUCTIVE LATIN EXEI{ClSlCS,lniTucliIng tlw DoiiHiU 
of the Ldiiriuge DO ■ SjHiBni of Anily^n ud SynUmlB. wicb lallii BuitlU|r 
Lesmu kiB cuplous VocabulAricfl. Hy Jobh Rouauir. H.A. Liand,. Surcuiry nt 
DolnnUr ColUgF, Lundon. NbiUi IMUaa. I3ma, dolb, dl.CO. 

' FIK^r GRKGK BOOK. CoDUInlng EieKiBH >nd ItMdIug 

iBBaioBn al SnhsUoUvn lod AdJMjvcs. WilU ooploiu Vl 
Jtuu BoHoi. B.A. IaiuL 'Dilrd Edition, lanio, cloUi. 3i, Gd. 

BUBSELI..— BIASRITZ mid ihe BASgUG COUNrUlES. ByOoDInll»«T 
Bthbell, HFialwr of the GiwgnpbiciU and GetAugicA] Sui:if>ti& ut FVa&oe» at the 

Cmm Svo, wllb a Uip, di. 
80BOOL-B078' laSTTBBS for OOPYINO and DICTA- 



1-Bojs, wiUi Kcmarka ^a tlio Ksiientlula uf Guud Writing, it 



TION: bflDE a Scrlet of Lt(b>ienpbi?d LFllfra 

Sdiool-Bovs, wiUi B ' •'■- ■■"'- '- " 

EdlthKL l^rgepuM 
-UUDJMENTSofQEOLOaY. By SiiinKl, BBiiP, FS.A., K.U.S. 

iDtrodDGtory aod FbVfllcal — SLnligr&pblcal uid i*AlAHjnUiLeelaL S?4»uil 

i7^..i .7.,j .-J ._. ■ (jioim dvu, dalh, 4(. 

;ES of INDIA, An fUnsiJiil NunUve ol Uii 
ivibIdii of Uulimoud of Qliiini Ui ibit ol Nadir 

BHBBaTT.'— FKOU'vISk'VAUirio riECANTER A BooH •bout Uhtrrj. 

By DoH PiDia VnBuii). Wllb n Mip <f tbe Jcr« Iniukt. Dib TtauD- 

luld. Fcap. STD. ciolb. II. 
■WILLIAMS.— TH mil; Gil NOItWAV WITH A SNAPS A CK. A New 4od 



Edwaid Stanford, 5S, Chaxing Croas, London. 



6 BILXOTBD UCT. 

ribtarB tt «HriI Saps. 

EUItOPB' — Scale, sn mlloi lo vn Inrh; Miie, Afi lnch>« Irj- FiS. ODlciiiTBd nd 
EKOLAKDaiiil'WALEB.— Sale.SmlluMuihidi: slI^11lI>dl<1tT«. 



aaoTijAnn).- 

TltBIAKP.— "■ 



APRICA.-SMle. »4 lolKs to « iwhi rtjp. 


on rollH-, Yurafalied, 31. i qiring 


NOBTH AMEBIOA.-Snl'', 13 niJI« to 


in Inch; tiie. E8 IndiH bf «e. 
cw, 3J. 13>. id.; OD Filler. 


OANAlJA.-LMlr)E MAI' «l CANADA, tu 
Scotlo. NfwfonrLill.iill. BFid r Uiite portion 
AKIciwmrrM. Sode, 1[^ niUa lo an Indi 


liidlnK Ne» Bruiuwldi:, Hon 
f iha Uull-d Suta, Bj JoEir 



SOTTTH AUBBJOA. 
ATJBTBALASIA.— Sc 



Edward Stanibrd, 55, Cliaruig Cross, Xondon. 



QBHIBAL UAPB. 



(Srafral Paps, 



OBNTSAl. ETTROFE.- 

conuining .11 the IMl«i)-s »>m, vu^., 

an Inch ; rise, 47 Incba 1^ 38. ShHta, pli 

linen, in niM, 161. 
SPAIN and POBTTJOAL, By J. ^ 

Indij size, 26 Indus by 22. Sheet, ojloun 
I'UUSJfT in BintOFE, indudiag tl 



BAII.WAT AHAX-OAUATION.— A RAILWAY MAP ot ENGLAND 
»Bd WALES, preparal by K Prmjk Wiu-iams, Esq, M. InBt. CJL, ihowlBg 
the pfiitiiFLH served by each lUllwiiy Sysri'm. and All the iUll*Ayft i>]ieDBd tnd 



SNOLANS and WAI^S, OEOLOaiOAI. UAP.-By Akduv 

by <2. ' ' [ffcw Jmion. 'prepariTie. 

TALES.— NORTH unit SOnTH WALES, Be-lssus of Welker". Mapa, 



ISSX.A1TD, in COUITriES and BABONIES. c 

DrdfiiDce Surrey nud :lie Oiuns. Scale, s nitlns tii bii Idc 
by 3». On two sheeK, colonrcd, St.; nmunLed on linen. Id 



IREIJUn), in COTTSTIES. 



Edward Stanford, fifi, Charing Crosa, London. 



SXUBOTBD LIST. 



r<0NT>01>T. 



Koadk, Foolpulw. fee On lOiir Urge >b«U. ColDtiml, lli. ^ monnud « 

COIAASS' STANSABD HAF of I.ONDON ta idminbl; id 
Prioa. plain, in run, Ii. : cnloured, U. Sd. i mounlei on Tinpn , lUUo, ai 
OB nUu. TunVilied. Si. M. 

BKITISH BtETBOPOLIS aJxA STJBDKBS.-STANFOftirs BSW 

MAf of Die BRITISH MGI'ltOPOLlS wiA SUBUBUS. Sole, 3 Incba 
mUe i tUe, 39 lncb« b^ lA. Price, plain, iq ca», 2<. M- ; OLdoCLTad, 3l 



vimlitinl, lOi, »d. Witb coDlinSBUcn Boullinard bKygiid tbe Ctjiiul FtliM 

pluin nhcpi, 61.; culonred, 7». fid.; mou-"-' - ""■- ' ■'- "— 

Tandibed, lu. 
PBOFOBED LONDON BAILWATTS.- 

iif L0N1X)S, with Pn>pi>8nl MbU'inDllUD RaUwayt, itwavafB. uia 1 
Iaqpoub lmpn>vi>ni«nU for the Seaton ZriTfl. Prioe. ia liLvA, ig.i tai 
on llDea. Id caw. Ti. M. 
V A fcw «ipiu of Ibe edition* for the jan |B63-4-6-S-]-*-»-7I}-)1-» 

and ENTntOH 

__yS, RAILWAV SI 
Li SDB-DJSTUHrrS. Ii 
lilc ; clEEf 24 Incha bf 

)AVTES'a MAP of LONIWN unl 



BNVTBDNS of LONDON. — STAHFORirS NEW MAP of tb> 

COONrHY TWELVE MILKS ROUNN LOSlJON. Scale. J iBcli taamUn; 
alie, U inches bT Hi. Prin. pbdn. folded In cue, 3i. 6d. ; cotomd, dilia, 

BNVmONS of LONDON. — 1?AVJ1«'3 MAP of the ZNVIROKS of 



Edward Stanford, 55, Charing Cross, London. 



OBNEBAIi »AFa, 



aSXTEItAIj IffAF OF ASIA.- 



CBWTKAIi ASIA.— STANFORD'S MAP of CENTRAL ASIA, |liclll(llo« 
Tehorou, Kblva. Baklura. Ki>Iuui. Ysrkuid. Ksbal, Her&t, &c Scale. 110 mlla 

A8T^ MIirOH, Sco. (TUEKBY to ASIAJ. \Vilh portions of Peraia, (be 



It UTiskraa of Ibe Caunlry 



UTDXA.— MAP o[ INDIA. Sf J. ARBOirsuiTiL Scale. SD mllM La in Incb; 
OBTLON.— HAP ot CEYLON. Oonstmclcd from a Baso of TriangnlaliimB luid 

msDntal. la case. 31. I'ai. «d.; oo roUer, yuvUtiHl, 41. U.; i^g rollerl 



onrai,3..i ID 

wmt WflTT j^c.— A. Map BhoKlDg the rartous floateB propowd for CDineettaig 
Chlni vjith [ndEji an^ Koronp lhniiii;h Burmab, and develnpEng Llie Tnde of 
?repaivd ooder the olrvclioa of Jomr 



BITBHAH and ADJACENT OOUNTBIBB.-Complled ttom 



CHINA and JAPAN.— STANFORD'S MAP of (he EMPIKE3 of CHINA 
■nd JAPAN, wilh Ihe Ailjaceol P»ru of British India. A^(ic !(pbb1«, Boraah, 



t 



Edward Stanford, 66, Charing Cross, London. 



BBLBCnO LIBT. 



OBSmSAX. XAF of AFBIOA.-B? J. AuKnnairrH. Sale, W adM 

BaTPT.— MAP or BOITT. OunplW from Ihp mMt mtl) 
tuBiKlsl on tb* b«t AitroDDTDlcal OlinrvirloiH. By Cole 
H.A..1.L.D., F.IU Sridc, lOnxUn u u iDcb ; hk 3< 

-MAP or EGYPT: Vaita\n% Ihi I^1»nU or 



APSICA (KOBTH-WBaT).— MAP of NORTH-WEST AFKIOA, 
DlmllEe ihi- Uoul at Sulru-s, uid [be IiIe of FFmudii Pei, on Ihc Soulii, ul ll« 
Wntrm parti al t«ypt and Darfiu. on tbe Eut. Il;r J> ARKUwwtiB ~ ' 
130 niOiw lo an IdiUi ) site, ie Incbus bj 39. Sbeet, mlDured. 3i. ; bhh 

APSIOA [SOUTHO— MAP of SOUTH AFRICA to IS d^. SooUi I^tBlfe 
By nuBiwiULi. DrniKrtiuiMnRiIlio "07.1 Enginwn, Cape Town. °-'- ■" 
Dllai lo mn Inch ; aliE, 34 inchn bjr as. Tum ^ceis, colound, : 
nwuDlml DO linen, Id com, ]». M.% o» roller. Tirnl^ed, l&t. 



CAPE of OOOD HOPE and SOUTH APBIOA— MAP of SOOTS 

AfHlCA. Caps Colony. Natil, ftr. Bj Hesht Hil.t. Seals BO mil-- ■- — 
Inch ; alir. 19 Incbn by II. Slipet. puce 4i. Sil. ; mounud, In ate, «i. 



A MAP of Ibe COLONY of RATAL. By Aibi*™™ 
Nital, Compiled fTom Ibe Diagrams and OFnenl P- , 



KTTBIA and AB YSSim A, Incln 



Z_ 



Edward Stanford, 65, Charing Cross, London. 



.O&NEBAL UAPS. 

BBinSH OOLTJMBIA.—NKW MAP or BRITISH COLIIMBia.b 
eeib FarsUd Norih Laili-udi^. eliunlng liie N'l^w lioM Flelda sf Oialnecii 
to«( roojni aitcoieriM al CaribiNi uidoihErpl]i««,iiiidUieproiv»«l roule 



CAKADA.— MAP of UITER uid LOWER CANADA, New Brqnawlpk, N< 
BmlK Prince Edanrd's leloDd, Cure Breioii Island. y,y.tor——- ■■-' - '- 
pmlonoriLrtJnllKlSlatw. Bji J. Abbuwbmith. Sale, 



"- ' ■ — ' "— - --— ----iiiis^ 



STATES and CANADA.— STANTORIYS SEW RAILWAY 

idOOCNTY MAP o( lie UNIl'hll STArtSand rKRRIrORIta, tugeltet 
■■■-■• ■• - '• itittmUmbttularh; titcillacbta 

^zu. 1 lai nilken, YLnl^iHl, 3UJ. 

,_ JTATBS.— STAMFoao'B HA> 

STAT»i*. ; 

ITKITED STATES.— STANFORD'S atlALLER RAILWAY MAP of U» 



,^ MA.P or toe REPUBLIC of MEXICO. By U 



BEBIEUDAS.- MAP or Ihn DKRMUDAB. PnblltliHt bj dlrKtlon of Uk 
EiD'IkKy MaJ<ir.(lenfTiil J. B. LkFIor, C.B..R.A., Governor and UooiiDandH^ 

WEST ISBIA I8I.AKDS and OTJATEIUALA.-abowIng the 

/AJKAIOA.— A NEW UAP or Ui« ISLAND OF JAMAICA. PtetHred trr 
Thohas Hujugoi,', clDVeniment iliirveyor. ICIutnlnn. JunaMa. Dwler Oie dlree- 
Udb «r Major-iieneml J. K. Mxkh. K.1C, I lirecior of Roids and Survefur-acDenil. 
Bate. 3) mill b to ui titOi: die, »( Incites by ar. Mounled. In cub, or m iDlIer, 
TUnlllied, 311. 

BASBADOBS.— Topofpupbtal Hsp, bated npon Ma;e'B Original Sorrer In 
1111, sml correeled to ihe year ISIO, By nk KoiisT H. ScBOHBDBOH, K.R.tl. 
Bole, 1 miles lo id loeh ; die, 40 lucbei by so. Two sbceU, noluurctl, 31i, ; 



Edward Stanford, 55, Chaxiag Cross, Londos. 



SXLKOTBD UBT. 

-PniiilSiir>»>aiiili'bTonlBorUwBriililiG«nnaiisit,Hnn- I 
uF Ii'l'^m. Cutuiu. Btuvlln. FrTTdNEi. &:. tlr.l. Akikjii- 
1 mila u ID Inch. On tao dlMU ; iile af e4cb. 33 lnOat l;T 
mtd. 6«. ; muuatfd. Id cue. Kit 



k 



WBSTKELN ATJ8TBAI.IA.-*nih Plug d( Pcith. rVnnuUe. md OuilH- 
[UnL fnm Ibe Survrya <j( John SepUmot K«. Ksq.. Suivpym-Uaiml. ind Ihjiii 
oUwr OOlclil Docunii^nli In llw Culonlil Office and Admlrall;. By J. A»o<- 



SOITTH Air8TBALIA.-aio»li«OieH.lsiciniutoOODoa«gri!B Kilted 
pDrtliuuDf tbe PmvlDV. With SltuntlanolHlnHDfCuMHT ind Lmd. Fran 
tbc Surveys of CapL Froute, R.E.. SnrTDyor-Geiunil of ihr Ootot^. By J- 
ABBawauiTU. Sole. 14 mites (o an liidi; liie, 1] Inctau by Ifi. Stud, 
coloured, 3i ; Id a»\ ftl. 

ftUBKNBLAinj.— STANFORire BKW MAP of tbe PROVINCE ol 
U[IEE?ISI.ANLJ Q4»nU-(kiilcrn AuitialU) : OompUn] lt«ni Ibe mcst itll- 
irte AuOioriUiH. ScaK at mUpii to an tnoh 1 Idle. 18 inoh» hy 2i Inibceli, 

VIOTOBIA.— A NEW MAP ot Hit PBOVINCK of VICTORIA (Aurtmlinl : 
Sbowlbd Mil the BoodB, KLverfl, Towns, Conatla. Quid Dlggib^ Su^p athJ 



NBLSON and MABLBOBOTTQH.-A NEW MAP of ih.. PRO- 
"""■"■' -' """^SON and MAKLBOHOUC '- "— '-'—■• -"•■ "— --^ 
ulbeni Put of Ite Province 



Edward Stanibrd. 65, Charing Ctobs, London, 



I 80HOOL UAFS. 18 I 

I School Sups. I 

STAITFOEBS HEW 8EBIES OF SCHOOL MAPS. 

I PrepircdnniiertlipdirectioODtthf SociETrFOB Peokotibo Chrtboas KBOWtsBflE 
' AUd ur tbr ^^I10»A1, SOCTKTT, Arc pAIronJuii by Her MijBalj'a liovirnraenl 

for Ibt Army And NAvy Sdmiils, the Cnmmlsalotien oF KaltoDul EducAtlon for 
IrelADd, Ihe Schixtl Bipards of London, lildinburipi, Blnninsbun. UverpoolH 
MuuheBEer, Shenii<I^, Lwda, BrlHlitoD, BiisiDl, BrAdlbrd, CaDLerbory, Derby, 
OIas^v. HAllfii. HuddenBeld, Bull. Lficentec. NewoiAlHia-'ryiie. KotUgg- 
ham. Oldluni. Perlb. Smrburou^ SLi^ckton, SonderlADd, West BromwlGli, he, 



E&EteTQ Hemispheie. | Bng-lSiBd. I A£rica. 

Western Hemisphere. Asia. North America. 

BoroiiG. Holy IiBJOd. South America. 

British lelea. | India. I AustialaHia. 

Also, aiie 42 inchPB by 34, CAch 91. 
Scotland. I Ireland. I AaBtralia. | New Zealand. 
Old Testament. | New Testament. | Acts and SpistleH. 
The British Isles, size IB iuchea by Oo, price 4Si. 
The World In HemiBpheres. Siic KB Idchea by BO, price 2M. 
Thla New Series of Large Scbool Mapa bAS been drawn ind engtaTcd with tha 
DtiDnet cure, uid is coriBtrucLed upon tlie principle of combining wltb geogriwhlcid 



btrks, Aud ATt^ speciAEly suit 

I Asia. I I 

I Holy I.and. I ] 



Jld Testament. | New Testament. | Acts and Bpistl 
Haub of South AmcricA, AnELralJA, Aud New ZralAbd Arc prppArlng, and 
VfaorUy be iHued. 

Edward Stanford, fiS, Charing Ctosb, London. 




BTAHyOBD'S 0UT1.INB KAPS. Bm, il _ ,.__ _ 

dri^iri^papFf. A itiia ol GmcnJiUial KtenSB, M he aOcil in ftlB W 
L'^fol KnnaLeilge Sudelf '* Mtf ud Allios. Price Ed. eKb. 

ST AITFOBD'S PSIUSOTIOir SERIES. tTaUuta u> Mib )»«• >■ 
OXFORD S:EB1£S of ODTZJHE MAPS. SuclSindHlvU 

^ward Stanford, 55, C\iaxmg Gimk, landau. 




BISTOBT MAOBAUB, &G. 



Stairfbrb'fl diagrams of Itatural pistorjj. 



Tbbb Diagram!, compiled lij thi 
It may be moanied in on4 »1»el 



lie cither for Clu Bierdna or led]. 



OharaoteriBtio BritUli Possila, By J- W- Lowsr, F.R.O.S 
Charaoteriatic BritiBli Tertiary Fosails, Bj J. VT. Lows 
Possil CJrustacaa. By J. W. Sxltbh, A.L.B., F.eJ?,. ami H.V 

K.G.B., F^.S. 
The VaBetalalB Kingdom. By 4. Hksfeet. 
Tho OTders and Families of KolliiBoa. By Dr. Woodwj 
Myriapoda. Araclmida, Crnstacea, Annelida, and I 

By Abam Whitr, uDd Dr. BAmn. 
Insects. By Ai>iu White. 
PiBhea. By P. II, Gobsb. 

Beptilia and Amphibia. By Dn. Bell and Bjibd. 
BlrdH. ByGEonOB i!h.t. 

British aedlmentary and FaasUiferouB Strata, E 



Irbing's Jm(irobE& ^^iu^xsms. 



Edward Stanford, 66, Cliariiig Ctoss, London. 



Scripture anti ^nimal |prmtfi. 



_ .. ,._ al InfltTDCtiob. 

«C ■umoBi on OttjKtL' '!''>'> '■'»le froni Orig 
ArtIM, nprttiily for tlili Work. TIjfj luvt brei 
(MntfuUj ooloDi^. SlH, n) Incbn by 13- 



The Set at bi PtIdCt 



'Dluinfl» liADdsomPlj biklf-bcmnd . . 



TABTyS BELEOT 8EBIB8 of DOUESTIO and WILD 

ANfMACS rir.«nfnm Nitunuid from ttrnWutkiDt Emtnent AniaU. Id 
ed Platn. eibltilUpg 130 FiKcno. Siie. 13 lncli« bfS, 



Tbp Klwlioi 
list idiiMEd to 
^IplklUoD. 



EMofSt PrlnUpColcnnMl .. 

Single PilntB, cokiu 

TIio AmMAL KUTQDOH at ONE TISW.ciHrlrei 
tour tvanilfiiUy-coUiuKd llilei mnulnlDg IM lUiutraUona. the n'- 

EiiilWlai pn ftmr I'm ' 




C|t ^ritis^ UaKttfactariiig litbustri 

Edited by G. PHILLIPS SEVAN, F.G.S., &c 

The Series comprises the following Volumes, price 3 j. 6^. 

Iron and Steel W. Mattieu Williams, F.C.S., F.I 

Copper J.A. Phillips, F.C.S.,F.G.S. (Mem. I 

Brass ^ Tin^ and Zinc .. Walter Graham. 



Metallic Mining PROFESSOR W. Warington JSmyti- 

F.G.S. (School of Mines). 
Coal A. Galletly (Curator of Edinburgl 

of Science and Art). 
Collieries Professor W. Warington Smyth 

F.G.S. (School of Mines). 
Building Stones Professor Hull, F.R.S., F.G.S. (E 

Geological Survey of Ireland). 
Explosive Compounds .. W. Mattieu Williams, F.C.S., F.K 



Guns, Nails ^ Locks, fVood-\ 
screioSj Hinges^ Buttons, I The Birmingham Trades. — The lat< 
Pinsy Needles, Saddlery, j Aitken (Birmingham). 
Electroplate j • 

Pat I f '^ 

PapU-r-MdcM '.'. '.. ;;} G. Lindsey (Birmingham). 
Cutlery F. Callis (Sheffield). ''■■' ■v . 



^B«^MM-B 



Acids and Alkalies .. .. Prof. Church, M.A., F.C.S. (Roya 

tural College, Cirencester). 
Oils and Candles .. .. W. Mattieu Williams, F.C.S., F.K 
Gas and Lighting .. .. R. H. Patterson, F.S.S. (late Metn 

Referee). 

— — — -■ ■ ' — ■■■ ■ K ' 

IVool Prof: Archer, F.R.S.E. (Director of i 

Museum of Science and Art). 

Flax and Linen W. T. Charley, M.P. 

C^//m Isaac Watts (Sec. Cotton Supply Ass 

S///^ B. F. Cobb ^Sec. Svlk Supply Associai 
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